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1.1 Introduction 
From the 1960s onwards, changes in agricultural production, like increasing mechanization, 
availability and use of pesticides and artificial fertilizers and the development of high yielding 
varieties, have contributed to a decrease in the biodiversity of agricultural ecosystems. 
Furthermore, the prevailing agricultural policies of those days favored large farm sizes, 
specialized production and crop monocultures, resulting in a decrease in the number of 
traditional mixed farms and an increase of the vulnerability of modern agro-ecosystems to 
pests and diseases (Altieri, 2000; Winkler, 2005; Wade et al., 2008a). Moreover, the strong 
reliance on pesticides created negative side-effects including pesticide resistance, pest 
resurgence, secondary pest outbreaks and the destruction of non-target organisms. 
Consequently, basic supporting types of ecosystem services, like biological control and 
pollination, which are of great value for both farmers and the society as a whole (Landis et al., 
2000; Losey and Vaughan, 2006; Bommarko et al., 2011; Perdikis et al., 2011), were liable to 
be pushed aside threatening the sustainability of the agricultural production systems. 
However, as a result of the growing public awareness of the environmental problems related 
to crop production, the stage was set for searching alternative pest control strategies.  
In this context, the European Commission has set up a directive for the sustainable use of 
pesticides (Directive 2009/128/EC). The aim of this directive is to promote the use of 
Integrated Pest Management (IPM) in which a harmful organism is considered as a pest only 
when it reaches an economic threshold. This threshold can be defined as the density of a pest 
insect or of the related crop damage at which yield loss exceeds the cost of control measures 
(Saphores, 2000). IPM can be further described as a holistic framework in which various pest 
management practices are combined in a compatible manner to preserve and increase the 
natural mortality factors of pests. The selection of the control practices is based on their 
economic, ecological and sociological consequences (Joas and Cotillon, 2009a,b).  
In order to develop an IPM program, a thorough understanding of the crop and the associated 
pest insects is necessary. The present study focused on Brussels sprouts (Brassicae oleracea 
L. gemmifera), a cruciferous field crop that is attacked by a variety of pest insects. The main 
leaf feeding pests of Brussels sprouts in northwestern Europe are the cabbage moth, 
Mamestra brassicae (L.), the diamondback moth, Plutella xylostella (L.) and the cabbage 
aphid, Brevicoryne brassicae (L.) (Hafez, 1961; Talekar and Shelton, 1993; Geiger et al., 
2005; Pfiffner et al., 2009).  
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The first two insects are lepidopterans of which the larvae can cause direct damage by 
chewing holes in the leaves and sprouts. Further, the mere presence of their feces on the 
sprouts can also cause yield loss. The cabbage aphid is a piercing-sucking insect which can 
cause stunted growth; moreover it can transmit viruses. The presence of cast skins and of 
sooty moulds developing on excreted honeydew is also detrimental for the crop value.  
In the field, these pest insects are attacked by several naturally occurring beneficial organisms 
or “natural enemies” which can be pathogens, predators or parasitoids. The current study 
focused on key predators and parasitoids of the above leaf feeding pests in Brussels sprouts in 
Flanders. The selection of these beneficial organisms based on literature reports on the natural 
enemy guild in cabbage crops (Chandler, 1968; Turnock and Carl, 1995; Vidal, 1997; Lauro 
et al., 2005; Pfiffner et al., 2009) and earlier field data from insect monitoring campaigns in 
Brussels sprouts in Flanders. A first selected beneficial arthropod is the predatory hoverfly, 
Episyrphus balteatus (Degeer), a key natural enemy of B. brassicae. Adults of the hoverfly 
mainly feed on pollen and nectar, whereas their larvae are natural enemies of aphids in several 
economically important crops (Vanhaelen et al., 2002; Hautier et al., 2006; Almohamad et al., 
2007a). Further, pupae of this syrphid are commercially available for augmentative biological 
control in Europe.  
A second natural enemy focused upon in our study is the hymenopteran parasitoid, 
Microplitis mediator (Haliday). This solitary koinobiontic endoparasitoid is the main 
parasitoid attacking larvae of the cabbage moth, M. brassicae, in Europe (Turnock and Carl, 
1995). The larval instars feed on the host hemolymph and abdominal tissues, ultimately 
killing the host (Arthur and Mason, 1986; Pivnick, 1993; Qin et al., 1999; Tian et al., 2008). 
The adult parasitoids, on the other hand, depend on nectar and pollen for their activity, 
longevity and fecundity 
When the pests and natural enemies of the target crop are known, an IPM-strategy can be 
developed. The first principle of such a strategy is prevention. Protecting and enhancing 
natural enemies in the field is one of the basic preventive measures. Modern crop ecosystems 
often lack hospitable environments for natural enemies, lowering their effectiveness and thus 
weakening pest control. Therefore, conservation measures in the crop environment targeting 
the protection of natural enemies are pivotal.  
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This approach is usually called “Conservation Biological Control” (CBC). Because a large 
part of beneficial arthropods depend for a certain degree on non-prey food like pollen, nectar 
or honeydew, a primary measure of CBC is to provide the necessary non-prey foods. This can 
be done by sowing flowering non-crop plants or by applying food sprays. As the provision of 
flowering non-crop plants has not always yielded the desired effect on natural enemy 
abundance and pest management in various cropping systems (Zhao et al., 1992; Bukovinszky 
et al., 2003; Winkler et al., 2010), it is important to gain an adequate knowledge of their 
influence to the chosen crop and the associated pests and natural enemies. 
When preventive measures are no longer effective or available and non-chemical methods 
could not provide satisfactory pest control, chemical control methods could be applied in 
IPM. However, insecticides could cause direct lethal and sub-lethal side-effects on beneficial 
arthropods (Haseeb et al., 2000b; Desneux et al., 2007). Consequently, only those insecticides 
should be applied with high specificity to the target insect and limited side effects for non-
target insects. A thorough understanding of the insecticide selectivity to the beneficial 
arthropods present in the target crop is therefore another essential component of CBC. 
1.2 Objectives and thesis outline 
As European growers are obliged to resort to an IPM-strategy from 2014 on, the present study 
aimed at offering a foundation for the onset of IPM in Brussels sprouts. The primary goals of 
this study were to develop a better understanding of the main pest insects and their natural 
enemies associated with Brussels sprouts in Flanders, Belgium, and to investigate the impact 
of conservation measures on the production of this economically important crop. These 
objectives can be translated into the following research questions:  
1. What is the phenology of the main leaf feeding arthropods and their natural enemies 
 associated with Brussels sprouts? 
2. What is the impact of an annual flower strip on the phenology of these arthropods? 
3. What is the selectivity of novel insecticides currently used in the production of  
 field vegetables on two key natural enemies in Brussels sprouts? 
The above research questions are handled in several chapters: Chapter 2 offers an outline of 
the literature on the main pest insects (i.e. M. brassicae, P. xylostella and B. brassicae) and 
their natural enemies (E. balteatus and M. mediator) in Brussels sprouts.  
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Further, this chapter provides an overview of the literature on the several measures of CBC. 
Before effective pest control measures can be taken, a thorough knowledge of the pest insects 
and their natural enemies associated with the crop is essential. Therefore, in Chapter 3 the 
phenology of the above mentioned pest insects and their main natural enemies in Brussels 
sprouts is studied for three vegetable producing areas in Flanders (Beitem, Kruishoutem and 
Sint-Katelijne-Waver).  
In Chapter 4, the impact of an annual flower strip on the pest complex, their natural enemies 
and the quality of the Brussels sprouts was investigated. Chapters 5 and 6 focus on the 
selectivity of currently used insecticides for field vegetables. In Chapter 5 the impact of 
insecticides on E. balteatus was examined both in worst case laboratory tests and under 
extended laboratory conditions. The selectivity of the selected insecticides was further tested 
on M. mediator under worst-case laboratory conditions in Chapter 6.  
Finally, Chapter 7 provides a general discussion, conclusions and future perspectives.  
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2.1 The pest-complex in Brussels sprouts and their natural 
enemies 
2.1.1 Introduction 
Cruciferous crops like Brussels sprouts (Brassicae oleracea L. gemmifera) are attacked by 
herbivores from various insect families: Aleyrodidae, Agromyzidae, Anthomyiidae, 
Aphididae, Cecidomyiidae, Chrysomelidae, Crambidae, Noctuidae, Pentatomidae, Pieridae, 
Plutellidae, Thripidae, … (Van De Steene, 1994). A comprehensive overview of the key pests 
and their natural enemies studied in this thesis will be given in the following paragraphs. 
2.1.2 Brevicoryne brassicae L. 
2.1.2.1 Taxonomy 
The taxonomic classification of B. brassicae is as follows: 
 KINGDOM    Animalia 
 PHYLUM    Arthropoda 
 CLASS   Insecta 
 ORDER   Hemiptera 
 FAMILY   Aphididae 
 GENUS   Brevicoryne 
 SPECIES   brassicae Linnaeus, 1758 
2.1.2.2 Distribution 
The cabbage aphid, Brevicoryne brassicae, is one of the major insect pests of cruciferous 
crops (Hafez, 1961; Hughes, 1963; Geiger et al., 2005). It is native to Europe and widely 
distributed throughout all the temperate and warm temperate parts of the world (Blackman 
and Eastop, 2000). The cabbage aphid was already reported in 1734 by Frisch in Germany 
(Hafez, 1961). 
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2.1.2.3 Morphology 
The wingless forms (apterae) of the adult females measure 1.6 to 2.6 mm, are greyish-green 
or dull mid-green coloured and have a dark head and dark dorsal thoraric and abdominal 
markings. A greyish-white mealy waxy secretion covers the body of these forms and infested 
leaves, giving the aphids their powdery grey appearance. Nymphs have a similar appearance. 
Newly born or ecdysed aphids lack this waxy covering (Figure 2.1). The winged adults 
(alatae) measure 1.6 to 2.8 mm and have a dark head and thorax and black transverse bars on 
the dorsal abdomen. In all forms, the cornicles are shorter than the cauda, which is cone-
shaped or triangular with seven to eight curved hairs (Blackman and Eastop, 2000; Liu and 
Sparks, 2001). The eggs are black and shiny (Figure 2.1). 
Souto et al. (2012) found that temperature has an impact on the size of B. brassicae. During 
warmer periods, females produce large quantities of small-sized progeny. On the contrary, 
during colder periods fewer offspring of larger size is produced. 
 
Figure 2.1. The cabbage aphid, Brevicoryne brassicae. Left: egg; Right: small colony of wingless forms 
(author). 
2.1.2.4 Biology 
In temperate areas, the cabbage aphid has a holocyclic life-cycle (i.e. alternating 
parthenogenetic with sexual reproduction) without change of host plant (i.e. monoecious). 
During the growing season, the wingless, parthenogenetic, viviparous females (apterae) are 
the predominant form. In order to produce nymphs as fast as possible, they exploit the food 
supply to the limit. The rapid embryonic and nymphal development results in an explosive 
population growth. The nymphs produced by the apterae can develop in wingless as well as 
winged adults (alatae).  
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These alate females are also parthenogenetic and viviparous and produce only wingless 
nymphs. The maximum production of alatae coincides with the flowering and seeding of 
biannual crucifers, resulting in the migration to newly planted crops in June or July (Raworth, 
1982). These alatae are well adapted to disperse passively by wind and colonize the available 
host plants (Hughes, 1963). Studies of Bonnemaison (1951) and Hafez (1961) indicate that 
apterae produce more nymphs than alatae: 30-50 nymphs per female for apterae compared to 
15-30 nymphs per female for alatae. Further, Hughes (1963) stated that the number of 
produced offspring is reasonably constant over a wide range of conditions. Like the 
reproduction rate, the longevity of females varies between morphs. Apterous females live 
longer than the alate forms (Hafez, 1961; Huges, 1963).  
There are four nymphal instars, the first three of which have approximately an equal 
development time at a given temperature (Table 2.1). Development of the fourth instar lasts 
20% longer than that of the other instars in apterous nymphs and 80% in alate nymphs. 
Development is influenced by the parent morphs. Nymphs of alate parents took 20% longer to 
develop through the first instar than did nymphs of apterous parents. Further, temperature has 
a major impact on the duration of a generation. The developmental rate is proportional to the 
amount by which temperature exceeds the threshold value (which is ± 5°C) (Hughes, 1963). 
Hafez (1961) found that the shortest development time (from egg to adult) was 8 days at 
28.2°C, whereas the longest development time was 43 days at 13.1°C. Host plant species also 
has an impact on the developmental rate of the cabbage aphid which can be attributed to 
differences in nutritional quality (Ulusoy and Ölmez-Bayhan, 2006; Chaplin-Kramer, 2011a). 
During autumn, as temperature and photoperiod decrease, the sexual, apterous, oviparous 
females and alate males appear. These oviparous females produce winter eggs, which are the 
primary hibernation forms of B. brassicae in temperate regions (Geiger et al., 2005). The 
number of winter eggs per plant depends on the degree of aphid infestation in the previous 
autumn and early winter and can vary from year to year. For example, after a season with a 
very high infestation, Hafez (1961) found on average 5644 overwintering eggs per sprout 
plant. The majority of eggs hatch between March and early April. Only 40% of the deposited 
overwintering eggs give birth to fundatrices. These fundatrices are parthenogenetic and 
produce the first generation of nymphs. 
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In warm temperate and semi-tropical areas such as Australia, California, and southern France, 
the sexual form of the cabbage aphid does not appear, resulting in an anholocyclic life-cycle 
(i.e. only parthenogenetic reproduction) (Raworth, 1982).  
The number of generations of the cabbage aphid in a growing season is difficult to determine. 
Due to the short developmental and the rather long reproductive period, generations of this 
aphid inevitably overlap right from the start of the season. As a result, all stages of the aphid 
will be found in the colonies a short time after the initial infestation took place. In an attempt 
to determine the number of generations, Hafez (1961) found a minimum of 3-4 and a 
maximum of 14 generations per year. More than 15 generations per year are reported in New 
Zealand by Kant et al. (2011).  
Table 2.1. Developmental time (hours ± standard error) of the nymphal instars of the cabbage aphid, B. 
brassicae, reared on cabbage leaf discs at 23.5°C (Hughes, 1963) 
Instar Developmental time 
1 38.7 ± 3.7 
2 36.6 ± 2.1 
3 38.3 ± 3.5 
4 (apterae) 45.9 ± 3.2 
4 (alatae) 65.2 ± 4.1 
 
2.1.2.5 Host plant and damage 
As stated before, B. brassicae is one of the most important pests of cabbage and various 
collards throughout the world. Its feeding is virtually restricted to the members of the 
Cruciferae, particularly on horticultural and oil seed brassicas, such as broccoli (Brassica 
oleracea var. italica), Brussels sprouts (B. oleracea var. gemmifera), cabbage (B. oleracea 
var. capitata), cauliflower (B. oleracea var. botrytis), collard (B. oleracea var. acephala), 
kohlrabi (B. oleracae var. gongylodes), mustard (B. juncea), radish (Raphanus sativus) and 
swede (B. napobrassica). Kale (B. oleracea var. alboglabra), rape (B. rapa) and turnips (B. 
rapa pekinensis) are less often infested with this aphid. The mustard oil sinigrin is found to be 
the chemical stimulus necessary to elicit a feeding response (Blackman and Eastop, 2001). 
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The cabbage aphid damages leaves and flowers directly by sucking, resulting in distorted, 
wrinkled and chlorotic leaves (Hughes, 1963: Kant et al., 2011). Dense aphid colonies may 
even kill young plants (Ellis et al., 1996). Indirectly, the presence of nymphs and adults, cast 
skins and sooty moulds developing on excreted honeydew may make the produce 
unmarketable. In addition, the cabbage aphid is a vector of about 20 plant viruses, including 
mosaic potyvirus, cauliflower mosaic caulimovirus, radish mosaic comovirus and turnip 
mosaic potyvirus (Ellis et al., 1996; Ulusoy and Ölmez-Bayhan, 2006) 
2.1.2.6 Natural enemies 
Natural enemies, such as entomopathogenic fungi, predators and parasites are of paramount 
importance in suppressing the abundance of cabbage aphids (Jankowska, 2005b).  
Aphid infestation by entomopathogenic fungi is mainly influenced by humidity. High 
humidity due to rainfall was found to be conducive for fungal epizootics. Fungi found to 
attack B. brassicae belong to the Zygomycota order Entomophthorales (e.g. Erynia 
neoaphidis [Remaudiere and Hennebert], Entomophthora planchoniana [Cornu], Empusa 
aphidis [Hoffman] and the Ascomycota family Clavicipitaceae (e.g. Beauveria bassiana 
[Vuilemin]). Symptoms of infection are progressive hyphal growth and discharged conidia, 
for Entomophthorales and Clavicipitaceae infection, respectively. Aphids showing these 
symptoms died six days later (Hughes, 1963; Chen et al., 2008).  
Predaceous species attacking the aphids are principally coccinellids, chrysopids, cecidomyiids 
and syrphids (Hafez, 1961). Literature reports indicate that coccinellids are less important as 
cabbage aphid predators (Hafez, 1961; Hughes, 1963; Jankowska, 2005b; Duchovskiene et 
al., 2012). The level of glucosinolates in the diet of B. brassicae probably makes this aphid 
less suitable or unsuitable as a food source for coccinellids (Pratt et al., 2008; Chaplin-Kramer 
et al., 2011a). Despite the fact that larvae of chrysopids will feed on the cabbage aphid 
(Huang and Enkegaard, 2010), they are also believed to be less important as natural enemies 
of the cabbage aphid in the field (Hughes, 1963; Jankowska, 2005b; Duchovskiene et al., 
2012). Larvae of Aphidoletes aphidimyza Rondani were found to play an important role in 
reducing the number of cabbage aphids on cruciferous crops (Jankowska, 2005b). On 
Brussels sprouts, however, very few larvae were found to be associated with cabbage aphid 
colonies during a three-year field research. Further, the midge appears to only lays eggs when 
aphid colonies are abundant and its larvae mainly appear from August on, when aphid 
colonies markedly increase (Jankowska, 2005b; Duchovskiene et al., 2012).  
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Aphidophagous syrphids, on the other hand, are noted to be the main predators attacking the 
cabbage aphid (Hughes, 1963; Jankowska, 2005a; Nieto et al., 2006; Ambrosino et al., 2007). 
In Europe, Episyrphus balteatus is the most abundant species of aphid predator on arable land 
(White et al., 1995; Vanhaelen et al., 2002; Francis et al., 2003; Hautier et al., 2006; Laubertie 
et al., 2012). This syrphid has also been found to influence cabbage aphid populations in 
Brussels sprouts (Chandler, 1968; Vidal, 1997). The predominance of this hoverfly is a result 
of several factors, such as its ability to detect aphids and oviposit near aphid colonies 
(Tenhumberg & Poehling, 1995; Ambrosino et al., 2006), its high reproductive rate and short 
feeding period and its strong tendency to migrate (Ankersmit et al., 1986; Ambrosino et al., 
2006; van Rijn & Smit, 2007). Because of its importance as a cabbage aphid predator, the 
biology of this syrphid will be discussed in detail in the following paragraph. 
Hymenopteran parasitoids also constitute key natural enemies of the cabbage aphid. The 
braconid Diaeretiella rapae (McIntosh) was identified to be the main primary parasitoid 
attacking the cabbage aphid in many parts of the world. Parasitism in the field varies from 
10% to 61%. However, natural populations of this solitary endoparasitoid have been reported 
to be unable to control the cabbage aphid (Hafez, 1961; Hughes, 1963; Geiger et al., 2005; 
Zhang and Hassan, 2003; Nieto et al., 2006). The effectiveness of D. rapae could be 
influenced by several factors, such as physical removal of mummies from the leaf surface by 
rain, wind or leaf abscission, predation, hyperparasitism, and detrimental effects from 
pesticides (Geiger et al., 2005; Nieto et al., 2006; Kant et al., 2011) 
2.1.2.7 Episyrphus balteatus as natural enemy of the cabbage aphid, Brevicoryne 
brassicae 
Episyrphus balteatus is polyvoltine (with up to 5 generations depending on the location) and 
can be found in Western Europe from early spring until late autumn. In temperate areas, this 
syrphid can hibernate as a mated female or alternatively migrate to the south to pass the cold 
season. The majority of E. balteatus individuals in Northwestern Europe tends to migrate 
southwards and return around June. As a result, the size of the spring generation depends on 
the number of successfully overwintered females (Ankersmit, 1986; Hart et al., 1997). The 
syrphid passes through three life stages (egg, larvae and pupae) before reaching the adult 
stage (Figure 2.2). 
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The larvae are voracious predators on more than 100 species of aphids worldwide, whereas 
the adults feed on pollen and nectar from flowers and occasionally on honeydew (Hart et al., 
1997, van Rijn et al., 2006). Pollen are necessary to mature ovaries and sustain egg 
production, whereas nectar provides energy (Laubertie et al., 2012). Six to ten days after 
eclosion (at 20°C), females are able to lay eggs. Their life-time fecundity varies between 463 
and 3900 eggs, depending on the quality and quantity of food during the larval and adult life 
(Ankersmit, 1986; Kan, 1988; Bargen et al., 1998; Branquart and Hemptinne, 2000; 
Almohamad et al., 2007a). In order to ensure the survival of their offspring, E. balteatus 
females are able to distinguish an oviposition site with high quality (Kan, 1988; Bargen et al., 
1998; Almohamad et al., 2007b; 2008). One to four days after egg-laying, larvae hatch and 
use olfactory cues from aphids and honeydew to find their prey (Hart et al., 1997; Bargen et 
al., 1998; Leroy et al., 2009). Like in all syrphids, there are three larval instars. The 
predacious larvae are mainly active during the night and their feeding activity increases with 
age (Putra and Yasuda, 2006). Feeding also depends on the species and size of the aphid prey 
(Ankersmit, 1986) and on the sex of the syrphid (Hart et al., 1997; Vanhaelen et al., 2002). 
The total consumption has been estimated to range between 140 to 1140 aphids during larval 
development (Geusen-Pfister, 1987; Tenhumberg and Poehling, 1995). At the end of the 
larval development, larvae defecate and produce dark, tar-like dots, which can be used as an 
indicator of syrphid presence (Ankersmit, 1986).  
Development of eggs, larvae and pupae is temperature dependent and becomes shorter at 
higher temperatures (Ankersmit, 1986; Hart et al., 1997). Minimum temperature for 
oviposition is 15°C, whereas larvae start to develop at temperatures below 10°C (van Rijn and 
Smit, 2007). Average development time from egg to adult emergence is approximately 17 
days at 22°C (Hart et al., 1997). Under natural spring conditions (12-15°C), Ankersmit (1986) 
found development times of at least 45 days. The upper temperature to complete development 
lies between 25 and 30°C (Hart et al., 1997). Besides temperature, host plant species and 
aphid species also influence development time of E. balteatus (Vanhaelen et al., 2002; Putra 
and Yasuda, 2006; Almohamad et al., 2007b). 
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Figure 2.2. Life cycle of Episyrphus balteatus (author). 
2.1.3 Mamestra brassicae L. 
2.1.3.1 Taxonomy 
The taxonomic classification of M. brassicae is as follows: 
 KINGDOM    Animalia 
 PHYLUM    Arthropoda 
 CLASS   Insecta 
 ORDER   Lepidoptera 
 FAMILY   Noctuidae 
 GENUS   Mamestra 
 SPECIES   brassicae Linnaeus, 1758 
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2.1.3.2 Distribution 
The cabbage moth, Mamestra brassicae, is a common noctuid in Belgium. Its distribution 
extends from the Atlantic to the Pacific Ocean and over several climatic zones, from southern 
Finland through western Europe to the Canary Islands in the west, and from northern China 
and Sakhalin south to Taiwan in the east (Turnock and Carl, 1995).  
2.1.3.3 Morphology 
The morphology of the cabbage moth is extensively described by Balachowsky and Mesnil 
(1936) and Sannino and Espinosa (1999).  
The cabbage moth has grayish to dark brown wings with a wingspan of 34-55mm. Adults can 
be recognized by the markings on the front wing: a white-edged reniform stigma and a broken 
white subterminal line (Figure 2.3). Males can be separated from females by their shorter 
body length and the different structure of the antennae, frenulum and retinaculum. Males have 
simple, filiform, finely ciliate antennae, their frenulum consists of a single stout bristle and a 
retinaculum composed of a strong membranous hook, whereas females have no ciliate 
antennae, a frenulum consisting of three finer bristles and a retinaculum composed of a tuft of 
specialized scales (Sannino and Espinosa, 1999; Waring and Townsend, 2006). 
 
Figure 2.3. The cabbage moth, Mamestra brassicae. Left: eggs; Right: characteristic markings on the 
wings of the cabbage moth (author). 
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Eggs are subspherical, measuring 0.60-0.65 mm in width and 0.35-0.40 mm in height. They 
are white to pale-yellow when laid and turn pale-yellow as the embryo is developing (Figure 
2.3). Unfertilized eggs stay white and slowly dehydrate. A rust coloured ring and irregular 
polar spot are formed during egg development (Sannino and Espinosa, 1999).  
Larvae of the cabbage moth normally go through six instars before pupation (Poitout and 
Bues, 1978) (Figure 2.4). However, Sannino and Espinosa (1999) observed larvae passing 
through five or seven instars. The different larval instars can be distinguished by their head 
capsule width (Vanhaecke and Degheele, 1979) (Table 2.2). First instar larvae have a black 
head capsule and are white to pale-yellow. Body colouration turns yellowish and opaque after 
two days. After the first ecdysis, the head capsule becomes yellowish  and the body greenish-
yellow. During the next larval stages the body turns more greenish and bright longitudinal 
body lines become visible. Sixth instar larvae show a great variability in body ground colour: 
pale green to olive green-black and greyish with pink shades. 
The ventral side of the sixth instars is always paler than the dorsal side and green or 
yellowish-green. Except for the green forms, they are also characterized by pairs of linear 
dark subdorsal spots. On the last two segments these spots are more pronounced, 
subtriangular in shape and mostly joined together to form a characteristic horseshoe marking 
(Malais and Ravensberg, 2002; Sannino and Espinosa, 1999). 
Larvae of the cabbage moth have five pairs of prolegs which distinguish them from the 
resembling larvae of Autographa gamma (L.), which only have three pairs of prolegs.  
Newly formed pupae are pale brown lucent, turning purplish-brown just before adult 
emergence and measure 17.0-21.6 mm in length and 5.8-7.2 mm in width. Sexes can be 
distinguished by the ventral side of the last abdominal segments: males have a genital 
aperture, which can be seen as a hump, under which the genitals develop, whereas females 
lack this structure.   
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Table 2.2. Head capsule width (means ± SE; range) of Mamestra brassicae larvae (mm) (Vanhaecke and 
Degheele, 1979) 
  Head capsule width 
Instar No. 
observations 
Mean ± S.E. Range 
1 22 33.49 ± 0.84 31 – 35 
2 30 51.85 ± 1.50 49 – 54 
3 62 80.31 ± 3.91 71 – 88 
4 93 129.48 ± 6.79 114 – 141 
5 61 209.54 ± 5.92 196 – 222 
6 34 334.35 ± 17.12 308 – 360 
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Figure 2.4. Larval instars of the cabbage moth, Mamestra brassicae (author). 
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2.1.3.4 Biology and life-cycle 
The pre-oviposition period of the cabbage moth varies depending on temperature from 4.4 
days at 13.4°C to 0.8 days at 23.1°C. Females lay their eggs in clusters of 20-30 at the 
underside of host leaves. During their life-time, females can lay 500 to 1500 eggs (Johansen, 
1997a; Waring and Townsend, 2006).  
Egg development is strongly influenced by temperature. Van De Steene (1987) reported 
developmental times of 11, 9, 6, 6 and 4 days for temperatures of 15, 17, 19, 21 and 23 °C, 
respectively. The first hours after eclosion, larvae stay together. Afterwards, they start to 
migrate to other leaves of the plant. After one to two days, larvae already can be found on 
neighbouring plants. They further disperse radially from the initial oviposition host plant. 
Dispersal activity is highest at night. During the day, they hide close to or in the soil. Only the 
last (sixth) instar larvae search for shelter in the crop itself (i.e. sprouts), making them more 
harmful and more difficult to control with insecticides (Poitout and Bues, 1978; Van De 
Steene, (1987). Larval development is mainly influenced by temperature and takes 38-42 days 
at 20°C under natural light conditions (Vanhaeke and Degheele, 1979). Higher temperatures 
lead to shorter developmental times (Van De Steene, 1987; Johansen, 1997a; Table 2.3). 
Mature larvae enter the soil to pupate at a depth of 3-10 cm.  
Mamestra brassicae hibernates as diapausing pupae in the soil or as mature larvae (Poitout 
and Bues, 1978; Johansen, 1997b). The cabbage moth is multivoltine with two generations 
per year in Northwestern Europe. Adults of the first generation can be found from May to 
June, whereas the second more harmful generation can be found from July until October (Van 
De Steene, 1994; Waring and Townsend, 2006).  
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Table 2.3. Larval developmental time (days; mean ± SE) of M. brassicae at different temperatures (°C) 
and two different artificial diets 
Temperature (°C) Developmental 
time (mean ± 
S.E.) 
Reference 
10.5 98.3 ± 5.4 Johansen (1997a) 
12.5 70.2 ± 3.7 Johansen (1997a) 
15.0 77.2 ± 0.9 Van De Steene (1987) 
15.5 50.1 ± 6.0 Johansen (1997a) 
17.0 55.7 ± 0.1 Van De Steene (1987) 
18.0 39.8 ± 4.6 Johansen (1997a) 
19.0 35.9 ± 0.2 Van De Steene (1987) 
21.0 31.2 ± 0.2 Van De Steene (1987) 
23.0 29.8 ± 0.1 Van De Steene (1987) 
 
2.1.3.5 Host spectrum and damage 
Larvae of the cabbage moth are polyphagous but are economically most important in cabbage 
(Johansen, 1997a,b). They are able to feed on more than 70 host plant species belonging to 22 
families, such as beet (Beta vulgaris [L.]), lettuce (Lactuca sativa [L.]), sweet pepper 
(Capsicum annuum [L.]), and chrysanthemum (Chrysanthemum). They even can be found on 
trees, such as Salix and Quercus (de Brouwer, 1974; Turnock and Carl, 1995; Waring and 
Townsend, 2006; Chougule et al., 2008). 
Larvae cause yield loss by eating large holes in the leaves and the harvestable parts of the 
crop. Besides this, they make the plants dirty with their faeces, thereby also causing yield loss. 
The food consumption increases with the age and instar of the larvae (Table 2.4). Larvae of 
the last three instars are the most destructive. Female larvae consume significantly more than 
male larvae (Theunissen et al., 1985).  
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Table 2.4. Leaf area consumption (in cm2 ± SE and % of the leaf area) by the different instars of M. 
brassicae on Brussels sprouts (Theunissen et al., 1985) 
Instar Leaf area consumption 
 cm² % 
1+2 0.31 ± 0.12 0.29 
3 1.23 ± 0.87 1.15 
4 3.21 ± 0.76 3.01 
5 12.36 ± 3.42 11.58 
6 89.61 ± 20.69 83.97 
 
2.1.3.6 Natural enemies of the cabbage moth 
The prevalence of M. brassicae as a pest is variable and depends on both biotic and abiotic 
mortality factors (Johansen, 1997b). When considering the biotic factors, there is a wide range 
of natural enemies, including predatory birds, coleopterans, and chrysopids, and 
hymenopteran and dipteran parasitoids which are able to use the cabbage moth as prey or host 
(Klingen et al., 1996; Johansen, 1997b). According to Johansen (1997b) predation by birds is 
low, but could be underestimated as birds often consume the whole larvae. Polyphagous 
staphilinid beetles like Philonthus atratus (Gravenhorst) and carabid beetles like Bembidion 
tetracolum (Say), Pterostichus melanarius (Illiger), Calosoma chinense (Kirby) and Harpalus 
rufipes (Degeer) were reported as key mortality factors of M. brassicae larvae, especially of 
the youngest instars (Johansen, 1997b; Suenaga and Hamamura, 2001). Further, Vasconcelos 
et al. (1996) indicate that predaceous beetles need to be more mobile (climb or fly onto plants) 
to exert a higher mortality on the M. brassica population. Eggs and first instar larvae of M. 
brassicae were also preyed on by larvae of the chrysopid Chrysoperla sp. (Klingen et al., 
1996; Johansen, 1997b; Pfiffner et al., 2009). Further, Bianchi et al. (2005) observed the 
anthocorid bug Orius niger (Wolff) feeding on eggs of the cabbage moth. Besides predators, 
eggs and larvae of M. brassicae are also attacked by parasitoids. The reported impact of egg 
parasitoids on M. brassicae varies.  
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Parasitoids belonging to the family of Trichogrammatidae (Trichogramma spp.) and 
Scelionidae (Telenomus spp.) were found to have a low impact on egg survival (Johansen, 
1997b; Bianchi et al., 2005; Pfiffner et al., 2009), whereas Takada et al. (2001) reported that 
M. brassicae populations were kept at low densities during three years due to high 
parasitization rates (60-80%) by the egg parasitoid Trichogramma dendrolimi (Matsumura). 
Larval parasitoids belonging to several hymenopteran and dipteran families (i.e. Braconidae, 
Ichneumonidae, Eulophidae, Tachinidae, …) are found to parasitize M. brassicae (Butaye and 
Degheele, 1995; Turnock and Carl, 1995; Johansen, 1997b). The braconid Microplitis 
mediator (Haliday) was found to be the main parasitoid attacking M. brassicae in Europe 
(Turnock and Carl, 1995; Lauro et al., 2005; Pfiffner et al., 2009).  
2.1.3.7 Microplitis mediator as natural enemy of the cabbage moth, Mamestra brassicae 
The solitary endoparasitoid M. mediator is native to Europe and widely distributed across the 
Palearctic region. This parasitoid has a wide host range, attacking over 40 lepidopteran 
species within the families Noctuidae and Geometridae (Arthur and Mason, 1986; Pivnick, 
1993). The preference of M. mediator for a specific larval instar depends on the host species. 
For M. brassicae, first and second instar larvae were found to be the most suitable hosts, 
whereas third instar larvae were suboptimal (Lauro et al., 2005).  
Newly emerged females lay their eggs immediately or after mating in the hemocoel of the 
host. Most of the parasitoid eggs (i.e. 60-75%) are produced in the first five days of the 
oviposition period (Luo et al., 2010). Eighteen to 56 hours after oviposition, the first instar 
larva hatches and starts to cruise the hemocoel in search for other parasitoid larvae or eggs in 
order to kill them using its strongly developed mandibles. Microplitis mediator has three 
larval instars, which all feed on the host hemolymph and abdominal tissues (Arthur and 
Mason, 1986; Qin et al., 1999; Tian et al., 2008). The third instar larva leaves the host to spin 
a light brown cocoon in the vicinity of the host and pupate (Figure 2.5) (Arthur and Mason, 
1986; Pivnick, 1993). A few days after emergence of the parasitoid prepupae, the host dies as 
a result of abdominal tissue damage, food depletion and/or infection (Pivnick, 1993). 
Development from egg to prepupa and pupal development take on average 12.2 days and 7.7 
days, respectively, at 22°C (Kim et al., 2008). Development varies depending on the host 
species, host instar at oviposition, temperature, photoperiod and parasitoid sex (Tanaka et al., 
1984; Pivnick, 1993; Qin et al., 1999; Foerster and Doetzer, 2003; Harvey and Strand, 2003; 
Li et al., 2006b, 2008).  
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Adult longevity varies depending on the sex of the parasitoid and the possibility to oviposit. 
In general, female wasps live longer than males (Li et al., 2006a; Luo et al., 2010). During the 
female's lifetime, Foerster and Doetzer (2003) recorded an average number of 61 parasitized 
larvae of the wheat army worm Mythimna sequax (Franclemont) at 20°C, which is in line with 
records for other Microplitis species, such as M. brassicae (Muesebeck) (73 parasitized larvae 
of the cabbage looper Trichoplusia ni [Hübner]) and M. bicoloratus (Chen) (50 larvae of the 
tropical armyworm Spodoptera litura [Fabricius]) (Browning and Oatman, 1985; Luo et al., 
2007).  
The cold tolerance of this wasp differs depending on the life stage. The internal stages are 
reported to have a lower threshold temperature (i.e. 9.9 °C) compared with the pupae (i.e. 
10.3 °C) (Foerster and Doetzer, 2003). 
In Europe, where its main host is M. brassicae, the parasitoid usually has two generations per 
year and survives the winter season as a diapausing cocoon (Arthur and Mason, 1986; Li et 
al., 2008). 
 
 
Figure 2.5. Third instar larvae of M. mediator leaving its host M. brassicae (left) and cocoon of M. mediator 
(right).  
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2.1.4 Plutella xylostella L. 
2.1.4.1 Taxonomy 
The taxonomic classification of the diamondback moth, P. xylostella, is as follows: 
 KINGDOM    Animalia 
 PHYLUM    Arthropoda 
 CLASS   Insecta 
 ORDER   Lepidoptera 
 FAMILY   Plutellidae  
 GENUS   Plutella 
 SPECIES   xylostella Linnaeus, 1758  
2.1.4.2 Distribution 
There is uncertainty in the literature on the origin of this cosmopolitan pest. According to 
Hardy (1938), the diamondback moth originated from Europe, but according to Kfir (1998), 
based on the presence of its biocontrol agents and host plants, P. xylostella originated from 
South Africa. In contrast, Liu et al. (2000) speculated that the insect originated from China 
using similar arguments. Nowadays, however, the diamondback moth is spread across the 
whole world and is omnipresent where its host plants occur. The diamondback moth is 
considered to be the most widely distributed of all Lepidoptera (Muhammad et al., 2005). 
2.1.4.3 Morphology 
The small slender adult moth with pronounced antennae is greyish-brown and has a wing span 
of 10 to 15 mm. Wings at rest are closely applied to the body and are slightly curved-up at the 
rear end (Hardy, 1938, Van De Steene, 1994). Further, the adult is characterized by a light 
brown band along the back, which sometimes is constricted to form one or more light 
coloured diamonds (Capinera, 2000). 
The yellow to pale green eggs are minute and hardly visible (0.44 to 0.5 mm long and 0.26 to 
0.30 mm wide), oval and flattened. They are deposited singly or in small groups at the 
underside or in depressions of the leaf (Bhalla and Dubey, 1986; Capinera, 2000). Larval 
development passes through four instars (Table 2.5).  
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First instar larvae are colourless and have a black head capsule, whereas the older larvae are 
green. In the last instar, the head capsule turns yellow brown. The larval body tapers at both 
ends and bears relatively few short hairs, which are marked by the presence of white patches. 
Further, larvae of the diamondback moth are characterized by the last pair of prolegs, which 
protrude from the posterior end, forming a distinctive “V”. When disturbed, the larvae 
wriggle violently, move backwards and spin down from the plant.  
Larvae pupate in a loose silk cocoon, which is usually attached at the lower or outer leaves. 
The yellowish pupa is 7 to 9 mm in length and gradually turns brownish to dark brown by the 
time of adult emergence (Bhalla and Dubey, 1986; Talekar and Shelton, 1993; Van De 
Steene, 1994; Capinera, 2000).  
Table 2.5. Length and head capsule width (mm) of diamondback moth larvae (Rosario & Cruz, 1986; 
Capinera, 2000) 
Larval instar Length  Head capsule width  
1 1.2 – 1.7 0.15 – 0.16 
2 2.1 – 3.5 0.24 – 0.25 
3 3.7 – 7.0 0.37 – 0.40 
4 5.1 – 11.2 0.56 – 0.61 
 
2.1.4.4 Biology and life cycle 
Adult moths are mainly active during dusk and night. During this period, moths mate, even on 
the day of adult emergence (Pivnick et al., 1990; Talekar and Shelton, 1993). Egg laying starts 
soon after mating and each female can lay between 50 and 318 eggs during its life-time 
(Sarnthoy et al., 1989; Van De Steene, 1994; Muhammad et al., 2005). Fecundity peaks four 
to five days after eclosion (Pivnick et al., 1990; Lavandero et al., 2006; Sarfraz et al., 2011). 
Oviposition is influenced by several factors, such as plant volatiles, secondary plant 
metabolites, leaf surface and temperature (Talekar and Shelton, 1993). The egg stage lasts 3 to 
8 days, mainly depending on the temperature (Harcourt, 1957; Rosario and Cruz, 1986; 
Sarnthoy et al., 1989; Talekar and Shelton, 1993). Larval development is influenced by 
temperature and by the host plant (Sarnthoy et al., 1989; De Bortoli et al., 2011; Sarfraz et al., 
2011).  
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Under field conditions during summer in Southern Ontario, Harcourt (1957) noted that the 
average duration of the larval instars was 4.0, 3.6 – 4.0, 3.4 – 5.0 and 4.2 – 5.6 days for the 
first to fourth instars, respectively. The fully grown larvae construct an open gauzy cocoon on 
the leaf surface and spend a two day period of quiescence before pupation. Pupation requires 
4 to 15 days depending on the temperature (Talekar and Shelton, 1993). According to the 
review of Talekar and Shelton (1993), adult moths feed on water drops or dew and are short 
lived. However, Sarfraz et al. (2011) demonstrated that P. xylostella was able to survive up to 
17.7 days without food. Further, Winkler (2005) showed that diamondback moth has a 
prolonged lifespan when the moth has access to flowers and that P. xylostella is able to feed 
on honeydew in the field (Figure 2.6). 
The diamondback moth is multivoltine with three generations per year in temperate areas 
(Belgium) and up to 20 generations per year in tropical regions. (Van De Steene, 1994; 
Muhammad et al., 2005). The ability of the diamondback moth to overwinter in temperate 
regions remains controversial. Infestation of this moth in temperate regions is believed to be a 
result of newly migrated moths moving on wind currents from warmer regions (Talekar and 
Shelton, 1993; Hopkinson and Soroka, 2010; Sarfraz et al., 2011). However, Idris and Grafius 
(1996) and Hainan (2009) provided evidence that P. xylostella is capable to overwinter as pre-
imaginal and adult stage in temperate zones with mild winters. Moreover, Hainan (2009) 
demonstrated that P. xylostella adults survived 20 days of exposure to -5°C and were still able 
to reproduce after this period. The lower temperature threshold varies between 6.3 and 7.8°C, 
while no development seemed to be possible above 35°C (Liu et al., 2002; Golizadeh et al., 
2007; Marchioro and Foerster, 2011). 
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Figure 2.6. Life cycle of Plutella xylostella (source photos: author, Provincial Research Centre for 
Vegetables East-Flanders, S. Darwich). 
2.1.4.5 Host spectrum and damage 
The diamondback moth is one of the most destructive pests of cruciferous crops worldwide. 
Its natural host range is limited to cultivated crops and wild plants of the Brassicaceae which 
contain mustard oils and their glucosides. These wild host plants are important for 
maintaining diamondback moth populations in temperate regions during spring, before 
cruciferous crops are planted (Harcourt, 1986; Talekar and Shelton, 1993). First instar larvae 
mine the spongy mesophyll tissues. Older larvae are surface feeders, which consume almost 
all the leaf tissue except the wax layer of the upper surface, thereby creating windows in the 
leaf (Talekar and Shelton, 1993; Muhammad et al., 2005). Although the larvae are very small, 
they can be quite numerous resulting in complete removal of foliar tissue. 
2.1.4.6 Natural enemies of the diamondback moth 
As many P. xylostella populations have evolved resistance to almost every insecticide class 
applied in the field, natural enemies of this insect become increasingly pivotal (Bommarco et 
al., 2011).  
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Talekar and Shelton (1993) mentioned that all stages of P. xylostella are attacked by 
numerous predators and parasitoids. Predators found to attack the diamondback moth are 
certain ants, larvae of hoverflies and lacewings, predatory bugs, beetles (staphylinids, 
coccinellids), spiders and birds (Reddy, 2004; Sarfraz et al., 2005; Miranda et al., 2011; Quan 
et al., 2011). However, as indicitated by Sarfraz (2005), these predators usually do not have a 
significant impact on the regulation of this pest. In contrast to parasitoids, these generalist 
predators can provide an early response to a sudden increase in pest density (Miranda et al., 
2011). Different life stages of the diamondback moth are also attacked by parasitoids. 
Worldwide, more than 135 species were recorded, including the most common ones: six 
species of egg parasitoids, 38 larval parasitoids and 13 pupal parasitoids (Talekar & Shelton, 
1993; Sarfraz et al., 2005). Egg parasitoids, belonging to the genera Trichogramma and 
Trichogrammatoidea, contribute little to natural control, are not always host specific and 
require frequent mass releases when used in augmentative biological control (Lim, 1986; 
Talekar & Shelton, 1993; Sarfraz et al., 2005). Larval parasitoids, on the other hand, exert the 
greatest control potential and the key species belong to three major genera: Microplitis, 
Cotesia and Diadegma (Lim, 1986). In Europe, Diadegma semiclausum (Hellén) is one of the 
most common larval endoparasitoids of the diamondback moth (Abbas, 1988; Kirk, 2004; 
Winkler, 2005; Mustata and Mustata, 2007).  
Further, P. xylostella is also infected by fungal pathogens. As stated by Kirk et al. (2004), 
nine species were recorded worldwide: Zygomycota: Zoophtora radicans (Brefeld), Pandora 
blunckii ([Lakon ex Zimmermann] Humber), Erynia sp., Conidiobolus sp.; Ascomycota: 
Beauveria bassiana (Balsamo-Crivelli), Paecilomyces fumosoroseus (Brown & Smith), 
Hirsutella sp., Scopulariopsis sp. and Metarhizium sp. Although the infected insect can 
survive for a few days (e.g. 3-4 days for Z. radicans), food consumption is lower and 
fecundity decreases sooner than in healthy insects (Furlong et al., 1997). 
2.2 Integrated Pest Management (IPM) 
2.2.1 Introduction 
In the last decade, agricultural practices shifted towards more sustainable strategies. This shift 
was supported by the growing awareness about the use of pesticides and their side-effects on 
the environment and the health risks of pesticides to workers and consumers.  
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This resulted in a reduction of registered pesticides and a growing interest in alternative pest 
control strategies, such as biological control. Moreover, this change in attitude lead to the 
development of IPM as a central concept of modern crop protection. Worldwide, more than 
100 definitions of IPM exist (Joas and Cotillon, 2009a). Based on Directive 2009/128/EC, 
IPM can be defined as “The rational application of a combination of biological, biotechnical, 
chemical, cultural or plant-breeding measures, whereby the use of plant protection products 
is limited to the strict minimum necessary to maintain the pest population at levels below 
those causing economically unacceptable damage or loss”. A systems approach and the use 
of minimum levels of pesticide are essential elements in this strategy. 
2.2.2 Eight general principles of IPM 
According to the literature, eight general principles for IPM can be identified and are related 
to the following topics (Malavolta et al., 2005; Joas and Cotillon, 2009a): 
1. Measures for prevention and/or suppression of harmful organisms 
The prevention/suppression can be achieved by several methods: optimum crop 
rotation; use of adequate cultivation techniques; use, when appropriate, of 
resistant/tolerant cultivars and standard/certified seed and planting material; use of 
balanced fertilization, liming and irrigation/draining practices and preventing the 
spreading of harmful organisms by hygiene measures. Further, the protection and 
enhancement of important beneficial organisms could also be used as strategy to 
prevent or suppress pest organisms and will be further outlined in paragraph 2.2.3. 
2. Tools for monitoring 
Pest organisms should be monitored by adequate methods and tools, such as 
observations in the field, scientifically sound warning, forecasting and early 
diagnosis systems. Further, farmers should be advised by professionally qualified 
advisors. Since 1998, the pesticide use in Belgium is monitored at the farm level. 
3. Threshold values as basis for decision-making 
Decisions on the use of plant protection products should be based on the outcome of 
the monitoring. Accurate threshold values are pivotal for decision making and 
should be defined for the region, specific areas, crops and particular climatic 
conditions. 
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4. Non-chemical methods should be preferred 
Biological, biotechnical, physical, and mechanical methods must be preferred, if 
they can provide satisfactory pest control.  
5. Target-specificity and minimization of side effects 
The application of pesticides should be as specific as possible for the target and with 
the least side effects on human health, non-target organisms and the environment. 
6. Reduction of use to necessary levels 
The professional user should keep the use of pesticides and other forms of 
intervention to the levels that are necessary, e.g. by reduced doses, reduced 
application frequency or partial applications, considering that the level of risk in 
vegetation is acceptable and they do not increase the risk for development of 
resistance in populations of harmful organisms. Further, the application should be 
limited to the lowest possible area (e.g. band spraying, spot treatments) and with a 
minimum on drift and loss.  
7. Application of anti-resistance strategies 
Available anti-resistance strategies should be used to maintain the effectiveness of 
the products. Especially when the risk of resistance against a pesticide is known and 
when the population of harmful organisms requires repeated application of 
pesticides to the target crop. The use of several insecticides with different mode of 
action should also be taken into account.  
8. Records, monitoring, documentation and check of success 
Based on the records of pesticide use and the monitoring results of organisms, the 
success of the use of plant protection measures should be checked. 
It must be stated that none of these principles can be used as a stand-alone-tool; only the 
combined use will lead to success.  
2.2.3 Conservation Biological Control as a part of IPM 
2.2.3.1 Introduction 
In the framework of IPM, Conservation Biological Control (CBC) is one of the measures that 
can be taken for the prevention and/or suppression of harmful organisms.  
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According to Eilenberg et al. (2001), CBC can be defined as the practice of enhancing natural 
enemy efficacy through modification of the environment or of existing (pesticide) practices. 
In contrast to other biological control strategies (i.e. classical, inoculation and inundation 
biological control), in CBC natural enemies are not released. Instead, existing populations of 
natural enemies in or around the cropping system are conserved or enhanced.  
Modification of the environment or habitat management can be seen as a conservation 
practice, which focuses on manipulating habitats within agricultural landscapes to make them 
more hospitable to natural enemies (Landis et al., 2000; Gurr et al., 2004; Scarratt, 2005). 
This can be done by providing resources to the natural enemies such as nectar (Baggen and 
Gurr, 1998), pollen (Hickman and Wratten, 1996), honeydew (Wäckers et al., 2008), shelter 
(Halaji et al., 2000; Geiger et al., 2009) and alternative prey or hosts (Abou-Awad, 1998; 
Viggiana, 2003) . 
The frequent use of insecticides (particularly broad spectrum insecticides) in crop production 
systems strongly limits the effectiveness of natural enemies. Therefore, beside habitat 
management, CBC stresses the importance of selective insecticides and the appropriate timing 
of insecticide use to minimize their negative impact on natural enemies (Landis et al., 2000). 
In the following paragraphs, we will review measures taken in order to enhance the impact of 
arthropod predators and parasitoids of arthropod pests. The enhancement of nematode natural 
enemies, pathogens of arthropods, conservation of natural enemies of plant pathogens, and 
weeds is beyond the scope of this literature review and has been addressed in Barbosa (1998).   
2.2.3.2 Habitat management 
Non-prey food 
A large part of the entomophagous arthropods are omnivorous to a certain degree, using non-
prey (or non-host) food, such as pollen, nectar or honeydew, during parts of their life cycle. 
The availability of these non-prey foods has a substantial influence on their activity, longevity 
and fecundity and as a result on their efficacy as natural control agents (Wäckers et al., 2008; 
Lundgren, 2009; Géneau et al., 2012). Modern agro-ecosystems mostly are characterized by 
large areas of monoculture, which often lack alternative non-prey food. Consequently, 
beneficial insects exploiting non–prey food need to search over great distances, resulting in 
expenditures of energy and time, thereby affecting the efficacy of their natural control 
(Baggen and Gurr, 1998).  
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Strategies which provide the necessary non-prey food resources for natural enemies, like 
sowing flowering non-crop plants and applying food sprays, are therefore of growing 
importance.  
Flowering non-crop plants are a first strategy to offer non-prey food. Floral and extrafloral 
nectars are valuable sources for high energy needs like flight, foraging or aggression 
(Lundgren and Seagraves, 2011). Beside the carbohydrate-rich nectars, flowering plants offer 
pollen, which are sources of proteins and amino acids necessary to mature the ovaries and 
sustain the egg production of many beneficials (Haslett, 1989 a,b). Many studies have proved 
that these floral resources increase the longevity and/or fecundity of parasitoids (Baggen and 
Gurr, 1998; Lavandero et al., 2006; Winkler et al., 2006, 2009; Lee and Heimpel, 2008a,b; 
Géneau et al., 2012) and predators (Lundgren and Seagraves, 2011; Laubertie et al., 2012; 
Pfannenstiel and Patt, 2012; Portillo et al., 2012; Pumarino et al., 2012) and as a result their 
efficiency to suppress pest populations (Hickman and Wratten, 1996; Winkler et al., 2006; 
Jacometti et al., 2010; Hogg et al., 2011b; Géneau et al., 2012). 
However, not all flower species are equally suitable in providing nectar accessible for 
beneficial insects. Literature reports stress the importance of flower attractiveness and nectar 
accessibility for parasitoids, besides the availability (abundance and distribution) and the 
quality (nutritional value) of nectar food sources (Jervis et al., 1993; Idris and Grafius, 1995; 
Patt et al., 1997; Baggen et al., 1999; Wäckers, 2004; Vatalla et al., 2006). As indicated by 
Patt et al. (1997), the ability to provide nutrients to a particular insect depends on the 
compatibility of the floral architecture with the given insect’s morphology and floral foraging 
ability. In contrast, Fiedler and Landis (2007) believed that functional nectar and pollen 
accessibility may have a greater impact on natural enemy affinity for flowers than floral 
morphology. Nevertheless, flowers with a broad corolla aperture and/or shallow corolla and 
sucrose-dominant floral nectar are found to be the most suitable for hymenopteran parasitoids 
with generalized mouthparts (Vatalla et al., 2006). Plants with extrafloral nectaries are also 
believed to be suitable for several beneficials and to benefit from their protection (Turlings 
and Wäckers, 2004). Flower preferences of hoverflies vary interspecifically with some species 
being highly specific, whereas others being more general in host plant selection (Holloway, 
1976; Haslett, 1989b).  
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Factors that influence the flower preference of adult hoverflies are flower age, odour, colour, 
sex and morphology, pollen and nectar availability and quality, and hoverfly sex and 
morphology (Holloway, 1976; Hickman et al., 1995; Colley and Luna, 2000; Pontin et al., 
2006). Furthermore, the flower preference of predatory hoverflies could also be influenced by 
competition with other foragers as demonstrated by Ambrosino et al. (2006) and Hogg et al. 
(2011a). Little information is available about the attractiveness of flowering species for 
lacewings, ladybeetles and predatory bugs. In their search for flowers attractive for lacewings, 
Medeiros et al. (2010) found that grass blossoms (Poaceae) were an important resource for 
Chrysoperla externa (Hagen). Kotpa et al. (2012) found that cornflower (Centaurea cyanus 
[L.]) and fennel (Foeniculum vulgare [Miller]) were attractive for ladybeetles, whereas pot 
marigold (Calendula officinalis [L.]) was visited by large amounts of predatory bugs (Orius 
spp.). Generally, the most common floral resources that have been evaluated and 
recommended are alyssum (Lobularia maritima [L.]), buckwheat (Fagopyrum esculentum 
[Moench]), phacelia (Phacelia tanacetifolia [Benth]), coriander (Coriandrum sativum [L.]), 
fennel (Foeniculum vulgare [Mill.]), dill (Anethum graveolens [L.]) and yarrow (Achillea 
millefolium [L.]) (Hickman et al., 1995; Hickman and Wratten, 1996; Colley and Luna, 2000; 
Morris and Li, 2000; Ambrosino et al., 2006; Pontin et al., 2006; Hogg et al., 2011a; 
Bickerton and Hamilton, 2012; Kopta et al., 2012). 
To meet the needs of a more diverse group of natural enemies (i.e. parasitoids, predatory 
hoverflies, lacewings, coccinellids, predatory bugs,…) floral mixtures may be more suitable 
than each component of a mixture alone, as certain combinations of flowers could be 
complementary in resource provision for these insects (Pontin et al., 2006). Further, 
combining flower species with different flowering times extends bloom of a flower strip. 
Early flowers could attract natural enemies before pest damage occurs (Colley and Luna, 
2000; Cowgill et al., 1993), while other species may continue to flower and attract beneficials 
throughout the season (Hogg et al., 2011a). 
However, care must be taken when offering floral resources. The indiscriminate provision of 
flowering non crop plants could increase benefits for herbivore pests (Zhao et al., 1992; 
Baggen et al., 1999; Bukovinszky et al., 2003; Ambrosino et al., 2006; Winkler et al., 2009; 
2010; Walton and Isaacs, 2011) and the fourth trophic level (Stephens et al., 1998; Araj et al., 
2008; Lundgren, 2009), eventually resulting in a negative impact on pest control.  
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Therefore, selection of floral resources for CBC should be based on a thorough study about 
the feeding requirements/flower usage of both the herbivore pests and the beneficial species 
which should be suppressed or stimulated in the target crop, respectively (Wäckers et al., 
1996; Patt et al., 1997; Baggen et al., 1999; Wäckers and Fadamiro, 2005; Ambrosino et al., 
2006; Winkler et al., 2003; 2010). The “best-case scenario” consists of floral sources which 
provide accessible nectar for the beneficial species, while being unsuitable or not benefiting 
the herbivore pest or the fourth trophic level (Winkler et al., 2005, 2010). 
The impact of providing floral resources on the population levels of pests and their natural 
enemies can also be influenced by several other factors. A first factor is landscape/habitat 
complexity, which can be defined as either the amount of natural or non-crop habitats in the 
landscape surrounding the farm (Chaplin-Kramer, 2011b) or the diversity or heterogeneity of 
habitats around the farm. The higher prevalence of non-crop habitat types in complex 
landscapes provides temporally more stable and heterogeneous environments for natural 
enemies compared with annual arable crops (Tscharntke et al., 2008). Several literature 
reports indicate the positive impact of landscape complexity on natural enemies (Thies and 
Tscharntke, 1999; Bianchi et al., 2004; Lundgren, 2009; Chaplin-Kramer et al., 2011b). The 
scale at which this impact matters, differs for specialist and generalist natural enemies, with 
the former responding more strongly at smaller landscape scales and the latter at broader 
scales (Tscharntke et al. 2008). Because of this different response, profound knowledge of the 
ecology of the target species (groups) should be the basis of successful management decisions 
at local and landscape levels. Furthermore, from the non-crop habitat types a natural enemy 
“spillover” into crops may occur, depending on the quality, quantity and proximity of the non-
crop habitat in the landscape (Tscharntke et al., 2008). However, the impact on pest 
abundance and control is less unambiguous, with contradicting relationships being reported 
for different pest species in the same system (Tscharntke et al., 2008; Chaplin-Kramer, 
2011b). As a result, landscape composition could have an important impact on arthropod 
abundance and moreover on the effect of habitat measures (Tscharntke et al., 2008). The 
addition of floral resources in highly complex landscapes could therefore be masked (Haenke 
et al., 2009). 
Alternative food resources present as flowers from the crop itself or as homopteran honeydew 
in the crop are another factor that could mask the impact of providing floral resources. Pontin 
et al. (2006) highlight the need of knowing the flowering period of both the floral patch and 
the crop, to ensure minimal overlap and maximize the effectiveness of the floral resource.  
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Despite the fact that honeydew is often inferior to nectar, parasitoids can use it as an 
alternative sugar source in the field (Faria et al., 2008; Wäckers et al., 2008), especially in 
situations where honeydew producing Homoptera are present in the vicinity of herbivore 
hosts of the parasitoid and other nectar sources are distant or lacking (Jervis et al., 1993; 
Wäckers and Steppuhn, 2003; Lavandero et al., 2005; Wäckers et al., 2008). 
Further on the negative side, floral resources could also act as a sink for biological control 
when alternative prey that occurs on the floral resources may be preferred over the target prey 
(Lundgren, 2009). 
Food sprays are another way to stimulate natural enemies, directly by providing them with 
non-prey food and indirectly by eliminating or delaying the use of disruptive insecticides (Ben 
Saad and Bishop, 1976; Jacob and Evans, 1998; Evans et al., 2010). They could be a solution 
for drawbacks of floral resources, such as loss of income on land devoted to the non-crop, 
competition with the crop for nutrients, and establishment and maintenance costs (Jacob and 
Evans, 1998; Wade et al., 2008c). Besides providing beneficial insects with nutrients, 
applying food sprays could also have a deterring effect on pest insects, as indicated by 
Mensah et al. (2000) for Ostrinia nubilalis (Hübner). 
Food sprays typically consist of a carbohydrate solution in combination with a source of 
protein/amino acids (e.g. yeasts) and intend to mimic the nutrition of honeydew (Rogers and 
Potter, 2004; Wade et al., 2008b, Lundgren, 2009). The effectiveness of food sprays is 
determined by several factors such as the timing of application, the concentration of 
carbohydrate and protein sources, and the attractiveness (Hagen et al., 1976; Slosser et al., 
2000; Wade et al., 2008b; Lungren, 2009; Evans et al., 2010). The timing for applying a food 
spray varies with the crop and the pest or pest-complex (Lundgren, 2009). Generally, food 
sprays will be most effective when applied early in the growing season before crop 
incorporated non-prey foods such as honeydew, nectar and pollen (flowers) are widely 
available (Jacob and Evans, 1998; Slosser et al., 2000; Obrycki et al., 2009; Lundgren, 2009). 
Further, Wade et al. (2008b) indicate that the concentration of the food spray has a large 
bearing on the success of food sprays, with a higher positive outcome with increasing 
concentration of the spray. However, above a certain concentration the function of the food 
spray will not improve anymore. Also, food sprays are typically short-lived (generally one 
week), and should therefore be replenished (Lundgren, 2009).  
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The replenishment interval depends on several factors such as the properties of the food spray 
material (Wäckers, 2001), the consumption by target and non-target insects, microbial 
breakdown and/or contamination, solar radiation and rainfall (Wade et al., 2008b). 
However, like providing floral resources, the indiscriminate use of food sprays can provide 
nutritional benefits to pest insects as well (Slosser et al., 2000; Romeis and Wäckers, 2002). 
Furthermore, beneficial insects also respond differently to a food spray type which could be 
attributed to their feeding and mating habits (Rogers and Potter, 2004; Wade et al., 2008c; 
Obrycki et al., 2009). Wade et al. (2008b) reported that Coleoptera respond more positively to 
a carbohydrate mixture alone, whereas Hemiptera, Neuroptera, and parasitic Hymenoptera 
respond equally to combinations of carbohydrate and/or protein mixtures. Also, the use of 
food sprays could have unintended effects on the interactions among natural enemies, like 
intra-guild predation, resulting in higher pest populations. Therefore, food sprays need to be 
critically assessed for each taxon and crop separately (Lundgren, 2009).  
Commercial food sprays have been available for several years but their use is still limited, 
which probably could be attributed to their inconsistent performance (Jonsson et al., 2008; 
Wade et al., 2008b; Evans et al., 2010). Landis et al. (2000) indicate that this approach is only 
economically viable in relatively high-value crops. 
Providing shelter 
Arthropod fauna present in annual crop systems are amenable to several disturbances caused 
by agricultural practices (i.e. plowing, spraying, harvesting,…). Providing shelter to avoid 
these disturbances could improve the efficacy of natural enemies, especially polyphagous 
predators, by facilitating reinvasion of areas where disturbances have occurred (Bianchi et al., 
2006; Griffiths et al., 2008; Jonsson et al., 2008). The uptake of shelter habitats is becoming 
increasingly widespread, not only because of their value for pest control, but also because of a 
range of policy measures which promote their use (Pfiffner and Luka, 2000; Griffiths et al., 
2008). Besides the positive effects for arthropods, shelters are also found to encourage 
wildlife on farmland such as harvest mice and farmland birds (Collins et al., 2002; 2003a,b). 
Shelter can be provided outside the crop system (i.e. field or crop edge) or within the crop. 
The most common external shelter features are hedgerows, ditches, fence lines, fencerows, 
shelter belts and (flowering) field margins, along with woodland and grassland (Griffiths et 
al., 2008).  
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These features are a composite of vegetation layers such as a litter layer, a herbaceous 
vegetation at the bottom, a woody or shrubby canopy and/or emergent trees (Maudsley, 2000; 
Pfiffner and Luka, 2000). The low herb layer is most preferential for epigaeal arthropod 
diversity (Dennis and Fry, 1992). The structural diversity/complexity (i.e. microhabitat 
niches) and the botanical composition (i.e. availability of host plants, leaf litter and flower 
production, hedge-bottom botanical composition) of these external shelter features directly 
influence the diversity and abundance of herbivorous invertebrates and consequently the 
associated beneficial arthropods (Maudsley, 2000; Griffiths et al., 2008). 
Shelters within the crop are typically grass-sown raised earth banks known as “beetle banks” 
(Thomas et al., 1991). These banks should reduce field size, enabling polyphagous, less 
mobile predators like Carabidae, Staphylinidae, Dermaptera and Araneae to reach the field 
center earlier in spring to suppress population build-ups of pest insects (Thomas et al., 1991; 
Collins et al., 2002). They are designed in such a way that they do not impede farm machinery 
or practice (Griffiths et al., 2008) and consist of tussock forming grass species like Dactylis 
glomerata (L.) and Holcus lanatus (L.). These species are recommended for such banks, 
because of their competitive nature to exclude noxious weeds (Thomas et al., 1991) and for 
the ameliorated drainage and aeration at the vegetative layer that they create (Dennis and Fry, 
1992; Dennis et al., 1994). In addition, a combination of beetle banks and flower resources 
(e.g. conservation strips) should support a suite of beneficial insects which each have specific 
pest preferences (Meek et al., 2002; Thomas et al., 2002; Frank and Shrewsbury, 2004; Frank 
et al., 2008).  
Shelter habitats are known to be important for providing overwintering refuges for many 
species of beneficial insects in arable field systems (Thomas et al., 1991; Dennis et al., 1994; 
Pfiffner and Luka, 2000; Pywell et al., 2005; Bianchi et al., 2006; Geiger et al., 2009). 
Maximizing survival of these beneficial insects during the winter period is primordial in 
ensuring adequate biological control in the following spring, as these overwintering natural 
enemies are more likely to dominate the arthropod fauna early in the next growing season 
(Wissinger, 1997; Pywell et al., 2005). Moreover, providing overwintering habitats leads to a 
more consistent predator population over time (Dennis and Fry, 1992; Frank et al., 2008).  
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Shelter habitats are more favorable for overwintering arthropods than bare soils because they 
offer a more suitable microclimate (less temperature fluctuations, better temperature buffering 
properties, better aeration), a denser vegetation composition and structure, lower soil moisture 
content (improved drainage) and a higher winter food supply for the build-up of fat reserves 
(Thomas et al., 1991; Dennis et al., 1994; Maudsley, 2000; Pfiffner and Luka, 2000; Collins et 
al., 2003a,b; Pywell et al., 2005; Griffiths et al., 2008; Geiger et al., 2009). Hedges with an 
accumulation of litter and an abundance of tussock-forming grass species at the hedge-bottom 
are therefore found to provide the most suitable overwintering habitat for Coleoptera and 
Araneae (Varchola and Dunn, 2001; Pywell et al., 2005). Further, the ability to select and 
benefit from an overwintering habitat is species specific and is influenced by e.g. breeding 
strategy and life stage (Collins et al., 2003b). Overwintering survival in natural conditions is 
also influenced by arthropod characteristics like dispersal ability, habitat selection and cold 
hardiness (Dennis et al, 1994), which are not open for manipulation by a farmer who wishes 
to stimulate beneficial arthropods.  
Besides being an overwintering refuge, these shelter habitats fulfill a number of other 
functions that enhance the conservation of beneficial insects. Shelter habitats offer protection 
from adverse climatic conditions and create a more moderate microclimate by their dense 
vegetation, both resulting in a favorable habitat for beneficial insects (Dennis and Fry, 1992; 
Maudsley, 2000). Parasitoids for instance, are known to experience shorter lifetimes at high 
temperature. A more moderate microclimate in combination with the presence of nectar and 
pollen in a shelter habitat (like a conservation strip) result in a higher efficacy of parasitoids in 
the field edges compared to the field center (Landis et al., 2000; Bianchi et al., 2006). Dennis 
and Fry (1992) attributed the aggregation of flying insects at the field margins to windbreak 
and turbulence effects around the field margin. Beetle banks were found to offer shelter 
preventing desiccation of polyphagous predators during dry, warm weather (Collins et al., 
2002).  
Further, it is demonstrated that shelter habitats can act as a refuge against detrimental effects 
from agricultural measures like insecticide application, tillage, …. The beneficial insects may 
recolonize more rapidly the disturbed crop areas from the shelters. Alternative food or 
nutritional resources present in the refuges may facilitate this rebound (Lee et al. 2001; 
Walton and Isaacs, 2011). Additionally, Dennis and Fry (1992) reported that field-margin 
habitats prevent pollutants in reaching watercourses and reduce soil erosion. 
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However, Griffiths et al. (2008) pointed out that increasing predator abundance by providing 
habitat shelters does not always lead to a decrease in pest abundance. The increase in habitat 
complexity may lead to an increase in the abundance of alternative food sources like 
detritivorous arthropods, seeds, … and consequently may affect the predator-prey 
interactions, especially for generalist predators. A careful selection of the vegetation cover is 
needed to prevent the creation of a sink habitat (Carmona and Landis, 1999; Holland et al., 
2009). In addition, a decrease in pest damage can only be achieved when the habitat shelters 
support a predator community that is larger and more enduring than a community that was 
supported by the pest alone (Frank et al., 2011). Woody shelter habitats like hedgerows might 
also acts as barriers to movement between fields depending on the shelter structure (Thomas 
et al., 2001; Wratten et al., 2003; Griffiths et al., 2008; Wamser et al., 2011). Further, care 
must be taken that these shelter habitats do not act as reservoirs for pest species that invade 
the crop. These interactions between beneficial and pest species and the non-crop habitat are 
key factors which should be taken into account when creating new shelter habitats for 
particular agro-ecosystems (Bianchi et al., 2006).  
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Providing alternative hosts or prey 
The enhancement of non-crop habitats like flower strips, hedgerows,… could also increase 
the abundance of alternative prey, which in turn may attract natural enemies and retain them 
in times of low pest abundance or disturbances in the crop (Symondson et al., 2002). As 
indicated before, the more rapid and greater recolonization by natural enemies of crop fields 
adjacent to flower strips compared to control fields may be a result of the combined presence 
of alternative hosts and nutritional resources (pollen, nectar) in the flower strips (Wyss, 1995; 
Lee et al., 2001; Walton and Isaacs, 2011). Weeds like Polygonum aviculare (L.) and Urtica 
dioica (L.) are also found to provide alternative prey and attract many natural enemies. 
Allowing these plants at the field edges as breeding sites for natural enemies and timely 
removal of the weeds may encourage natural enemy dispersal to the adjacent fields (Bugg et 
al., 1987; Alhmedi et al., 2007, 2009). Corbett and Rosenheim (1996) found an increased 
parasitism rate of the grape leafhopper (Erythroneura elegantula [Osborne]) in vineyards 
adjacent to prune refuges (Prunus domestica [L.]) as a result of the presence of alternative 
hosts on which the egg parasitoid (Anagrus sp.) could overwinter. The lack of alternative 
hosts could be a reason why biological control introductions may be unsuccessful in reducing 
pest populations (Gurr and Wratten, 1999). 
Further, the abundance of alternative prey can lead to the establishment of generalist predators 
in the crop before the arrival and seasonal increase of pests. Frank et al. (2004) reported that 
Collembola were the most abundant group of alternative prey found in conservation strips. 
Similar results were found by Halaji et al. (2000) in modular refugia in soybeans. Collembola, 
primarily feeding on fungal hyphae and detritus, were shown to be prey for carabids, 
staphylinids and spiders (Bauer and Pfeiffer, 1991; Bilde et al., 2000; Harwood et al., 2003). 
As these generalist predators can feed on detritivores like Collembola, the increased input of 
detritus to the agroecosystem could enhance detritivores and fungivores, which in turn could 
enhance predator levels, leading to an decrease in herbivore pressure as predators switch their 
attacks from detritivores to herbivores (Wise et al., 1999; Halaji et al., 2000; Scheu, 2001). 
Settle et al. (1996) demonstrated this by increasing the organic matter in tropical rice fields 
thereby boosting populations of detritivores and plankton-feeders which in turn boosted the 
population of generalist predators. As a result, the predator populations had a “head-start” on 
the later-developing pest populations, keeping them below economic damage levels.  
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Moreover, generalist predators may perform less well in agro-ecosystems with little 
alternative prey because the dietary value of pest organisms is often lower than that of the 
alternative prey, as suggested for spiders by Sigsgaard (2000).  
Straw mulches, uniformly spread on the soil surface, were shown to enhance predators like 
spiders, coccinellids, and chrysopids, with resulting reductions in herbivore numbers. Beside 
the provision of shelter and buffering of the abiotic environment at the soil surface, the straw 
mulch was found to support detritivore populations which could serve as alternative prey 
(Symondson et al., 2002). 
However, care must be taken that the abundance and/or diversity of alternative prey does not 
act as a sink for beneficial insects, especially when this abundance is temporally synchronized 
with pest abundance. Symondson et al. (2006) found that slugs survived and reproduced more 
rapidly in areas were alternative prey was present for predators. Additionally, Rand et al. 
(2006) stated that predators and parasitoids will stay within the borders and do not migrate to 
the crop field, as long as resources in the border are more abundant. On the other hand, when 
the pest population increases after the alternative prey population has declined, control by 
predators could be enhanced (Bickerton and Hamilton, 2012).  
2.2.3.3 Insecticide use and selectivity 
Besides habitat manipulation, insecticide use and selectivity are important aspects for the 
conservation of beneficial insects. The use of insecticides can cause both direct and indirect 
effects on natural enemies. Direct effects are a result of direct contact with insecticides or 
insecticide residues. Besides the direct lethal effect of an insecticide, the sub-lethal effects 
should also be considered during an analysis of the impact of an insecticide. These sub-lethal 
effects can act on both the arthropod physiology (development, longevity, immunology, 
fecundity and sex-ratio, …) and behaviour (mobility, navigation/orientation, feeding, 
oviposition, …) (Haseeb et al., 2000b; Desneux et al., 2007). Indirect effects may alter the 
natural enemy population by reductions of host or prey populations which serve as food 
sources for natural enemies (Haseeb et al., 2000a,b), a change in the host or prey distribution 
or by the ingestion of insecticide-contaminated prey or hosts (Grafton-Cardwell and Gu, 
2003; Walker et al., 2007; Castro et al., 2012).  
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Consequently, inappropriate use of insecticides will result in reduced natural enemy densities 
and further in resurgences of the pest population (Chelliah and Heinrichs, 1984; Grafton-
Cardwell and Gu, 2003; Funderburk, 2009) or secondary pest outbreaks (McClure, 1977; 
Lagnaoui and Radcliffe, 1998; Kok and Acosta-Martinez, 2001; Thomson and Hofmann, 
2007). Insecticides should therefore only be applied when necessary and economically 
justified. The decision to use an insecticide should depend on an adequate knowledge of the 
pest insects (biology, phenology,…), their impact on the crop and the effectiveness of their 
natural enemies present in the crop. Adequate monitoring programs that evaluate both pest 
and beneficial insects are primordial in this point of view (Cameron et al., 2009). In addition, 
consequences of pesticide treatments on secondary pests should also be considered when 
targeting primary pests. When the decision is made to use an insecticide, an appropriate 
definition of the biological target should be made to avoid disruptive consequences for natural 
enemies. Several parameters should be taken into account: the identification of all pests and 
associated beneficial insects which may be affected by insecticide applications in the given 
habitat, knowledge of the behavior and microhabitats of the targeted pests and associated 
natural enemies, knowledge of the susceptibility of the pests and natural enemies to the 
available insecticides and knowledge of the appropriate application methods for each 
compound. After defining the biological target, the most appropriate insecticide should be 
selected with the least side-effects to beneficial insects (Johnson and Tabashnik, 1999).  
The main goal of using selective insecticides is to manipulate the natural enemy to pest ratio 
in favor of the natural enemy. Adequate knowledge of the insecticide selectivity to the natural 
enemies present in the target crop is therefore necessary. The selectivity of insecticides can be 
subdivided in physiological and ecological selectivity. The type of insecticides used and the 
relative resistance of the beneficial insect to such insecticides refer to physiological 
selectivity, whereas the timing, placement, dosage and application technique of an insecticide 
application refer to ecological selectivity (Smith, 1993; Johnson and Tabashnik, 1999). 
Physiological selectivity 
Physiological selectivity of an insecticide strongly varies among species (Tillman, 1995; 
Jansen, 2000; Hautier et al., 2006), life stages (Haseeb et al., 2000a; Mohaghegh et al., 2000; 
Naranjo, 2004), sexes (Tillman, 1995) and the route of exposure (direct, residual, dietary, …) 
(Haseeb et al., 2000a,b). It is important to be certain that the insecticides used against the 
pests in the concerned crop will not harm the populations of beneficial insects.  
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Therefore, it will be necessary to perform selectivity tests during the registration process of 
insecticides that prove their safety towards beneficial insects. As no single test can fully 
elucidate the impact of an insecticide on beneficial insects, a sequence of laboratory, semi-
field and field tests is developed according the guidelines of the working group “Pesticides 
and Beneficial Organisms” of the IOBC/WPRS (International Organization for Biological 
Control/West Palaearctic Regional Section) (Hassan, 1992; Sterk et al., 1999). Which test 
should be performed and whether to proceed from one test to another depends on the 
insecticide characteristics, the application method and the results of the tests already 
performed (OEPP/EPPO, 2003). Insecticides belonging to the chemical classes of 
organophosphates, carbamates and pyrethroids are generally believed to be more harmful for 
beneficial insects than the non-neurotoxic insecticides like insect growth regulators, 
insecticidal soaps, horticultural oils, selective feeding blockers and microbials (Cloyd, 2012). 
Ecological selectivity 
Ecological selectivity can be achieved by modifying the pesticide or delivery methods in such 
a way that the destructive non-target effects of pesticides can be reduced and the natural 
enemy population preserved. Modifying the characteristics of a pesticide to enhance the 
ecological selectivity should mainly be achieved during the manufacturing process. The 
characteristics which could be altered are the degree of systemic action, formulation, 
encapsulation and the overall persistence (Johnson and Tabashnik, 1999). Growers, on the 
other hand, could also enhance ecological selectivity. The use of highly persistent insecticides 
in CBC programs together with natural enemies should be considered with care as these 
insecticides could prevent natural enemies to recolonize the treated area or to survive initial 
pesticide treatment in a less susceptible life stage or refuge (Johnson and Tabashnik, 1999; 
Adán et al., 2011; Biondi et al., 2012a). Nevertheless, as noted in the literature (Desneux et 
al., 2005; Prabhaker et al., 2011; Biondi et al., 2012a), systemic (persistent) insecticides could 
show a degree of selectivity compared with contact insecticides as the pesticides are taken up 
by the plant, decreasing the likelihood of exposure to the natural enemies. However, natural 
enemies which can also feed on plants (omnivory) or are exposed to the pesticide via the food 
chain, could still be negatively affected by those systemic (persistent) insecticides.  
Further, reducing the application rate of detrimental insecticides may also increase the 
survival rate of beneficial insects. Label rates of insecticides may be higher than required for 
the effective control of some pests.  
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Due to differences in susceptibility between species, the application rate could be reduced 
allowing the beneficial insect to survive while the pesticide still remains effective against the 
pest (Booth et al., 2007). Moreover, reduced rates could allow a residual population of the 
pest insect to remain in the target crop as food for surviving natural enemies which in their 
turn could prevent pest resurgence (Longley and Jepson, 1997). 
The success of reduced dose rates is linked with a good understanding of the insecticide 
susceptibility of the pest and beneficial insects and the damage threshold of the target crop 
(Shepard and Brown, 1984; Booth et al., 2007). However, as pointed out by Chelliah and 
Heinrichs (1984), low doses of insecticides could also be beneficial for the target pest. For 
example, when low doses were applied, an increased reproduction rate and reduced nymphal 
duration were found for the brown leafhopper (Nilaparvata lugens [Stål]), which eventually 
could result in resurgence of the pest.  
Besides a reduced application rate, optimal timing of toxic insecticides could enhance their 
selectivity to natural enemies. Application of insecticides when natural enemies are less or not 
present or present in a less susceptible life stage may reduce the detrimental impact of broad 
spectrum insecticides. In temperate regions, many pests appear early in spring prior to the 
arrival of natural enemies. Insecticide application at this moment could spare natural enemies 
and eradicate the pest (Kumar et al., 2012). However, biological control could also be 
disrupted because natural enemies may suffer mortality due to starvation (Johnson and 
Tabashnik, 1999). Parasitoids developing in host bodies are commonly more protected against 
the adverse effects of pesticides (Haseeb et al., 2000b; Desneux et al., 2007; Adán et al., 
2011; Moosa, 2011). The developmental stage at the moment of insecticide application 
determines the time allowed for pesticide degradation before emergence of the parasitoid and 
as a result parasitoid survival (Nealis and van Frankenhuyzen, 1990; Moosa, 2011). 
Generally, the prepupal and pupal stages of holometabolous natural enemies are often the 
most insecticide tolerant stages (Hull and Beers, 1985). A thorough understanding of the 
susceptibility of various life stages of pest and beneficial insects to different chemicals, 
application rates, and formulations and of their seasonal population dynamics is fundamental 
to enhance ecological selectivity based on timing (Shepard and Brown, 1984). 
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Disruptive effects of insecticides on natural enemies could also be avoided by habitat 
discrimination in which insecticide sprays will be directed to those places which pests occupy 
preferentially compared to natural enemies (Kozar et al., 1994; Johnson and Tabashnik, 
1999). An adequate knowledge of both pest insects and natural enemies is pivotal for this 
tactic. Kumar et al. (2012) demonstrated a reduced toxicity of insecticides by stem 
application, compared to foliar application, which was due to the reduced exposure of natural 
enemies to the insecticide as only a small portion of the stem was treated.  
Systemic insecticides applied as drenches or granules to the soil or growing medium, or as 
seed treatments are believed to be less harmful to natural enemies than foliar applications 
because of the lack of any direct exposure and the lower amount of active ingredient used 
(Hull and Beers, 1985; Villanueva-Jiménez and Hoy, 1998; Albajes et al., 2003; Cloyd and 
Bethke, 2010). However, systemic insecticides could induce several indirect effects which 
may influence natural enemy efficacy, such as elimination of prey/hosts, contamination of 
floral parts, consumption of the active ingredient when ingesting plant fluids or contaminated 
prey, … (Cloyd and Bethke, 2010; Cloyd, 2012). Further, direct (sub)lethal effects could 
occur when the beneficial insect feeds directly on the treated plant (Moser and Obrycki, 2009; 
Seagraves and Lundgren, 2012). Detrimental effects could also be reduced by directing the 
insecticide application to trap crops, thereby avoiding direct contact of insecticides with 
natural enemies in the target crop (Hoy et al., 2000; Boucher et al., 2003; Dosdall and 
Cárcamo, 2011). In addition, the use of trap crops could also reduce the number of pesticide 
treatments in the target crop and/or attract natural enemies to the field and concentrate them in 
an area of high host densities, all contributing to a better conservation of natural enemies 
(Mitchell, 2000; Lu et al., 2009). Effective reduction of pest densities due to trap crops mainly 
depends on the attractiveness and retention rate of the trap crop (Shelton and Badenes-Perez, 
2006; Zehnder et al., 2006; Holden et al., 2012). Moreover, a careful monitoring system in the 
trap crop needs to be established so that insecticide application in the trap crop occurs just 
before dispersion of the pest insects into the main crop (Dosdall and Cárcamo, 2011).  
The use of insecticide treated baits, especially for ants and fruit flies, could also be a solution 
to avoid direct exposure of natural enemies to insecticide sprays (Nyamukondiwa and 
Addison, 2011; Wang et al., 2011). Bait selectivity depends on the arthropod species and the 
bait composition (insecticide, attractant, sugars, protein,…) (Urbaneja et al., 2009).  
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When target pests and natural enemies are present in identical or highly overlapping habitats 
or when insecticide applications could not be limited to certain habitats, natural enemies could 
be protected by the establishment of unsprayed or less sprayed refuges in the crop. As some 
pests (e.g. Colorado potato beetle [Leptinotarsa decemlineata Say], bean leaf beetle 
[Cerotoma trifurcata Forster]) have an aggregated distribution confined to small areas within 
a field, natural enemies could be conserved by using spot or strip treatments of insecticides to 
areas in the field where the pest surpasses the economic threshold and the pest to natural 
enemy ratio is unfavourable (Ruberson et al., 1998; Johnson and Tabashnik, 1999).  
For spot-treatments, also known as site-specific IPM, map-based knowledge about the spatio-
temporal distribution of the pest is needed to carefully select the area to be treated (Midgarden 
et al., 1997; Sciarretta et al., 2011). Factors important for the success of this strategy are the 
identification of external infestation foci and having aggregated pests with low dispersal 
ability (Sciarretta et al., 2011). Improving the sampling techniques, thereby reducing the 
sampling cost, may enhance the use of site-specific IPM management (Park and Tollefson, 
2005).  
Besides conserving natural enemies these strategies could also slow down insecticide 
resistance by preserving susceptible members of a pest population and allowing them to mate 
with resistant individuals, further reducing costs of insecticide use (Midgarden et al., 1997; 
Dively et al., 1998). 
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Chapter 3  
Phenology of the key pests and their natural enemies in Brussels sprouts  
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3.1 Introduction 
Belgium is one of the major European producers of Brussels sprouts (Brassicae oleracea L. 
gemmifera). The production area in Belgium is approximately 2000 ha with a yield of 40000 
ton per year (VBT, 2011), the majority of which is destined for the vegetable processing 
industry (Callens et al., 2007). To meet the high quality standards of this industry and the 
market in general, growers are forced to use an intensive crop protection. Moreover, in 
anticipation of the EU directive 2009/128/EC growers are compelled to resort to Integrated 
Pest Management (IPM) strategies. To fulfill to the needs of an IPM program a thorough 
understanding of the ecology and behavior of the main pests of Brussels sprouts and their 
natural enemies is required. 
Cabbage crops in northwestern Europe are attacked by a variety of insects, including the 
cabbage root fly, Delia radicum (L.), aphids, such as the cabbage aphid, Brevicoryne 
brassicae (L.) and the green peach aphid, Myzus persicae  (Sulzer), caterpillars, such as the 
diamondback moth, Plutella xylostella (L.), the cabbage white, Pieris rapae (L.) and the 
cabbage moth, Mamestra brassicae (L.), and recently also the cabbage whitefly, Aleyrodes 
proletella (L.), all of which are able to cause serious economic damage (Hooks and Johnson, 
2003; Broekgaarden et al., 2012; section 2.1).  
The aim of this study was to examine the phenology of the cabbage aphid, cabbage moth and 
diamondback moth in Brussels sprouts and their natural enemies at three locations in Flanders 
(Beitem, Kruishoutem en Sint-Katelijne-Waver [SKW]). These findings will be of particular 
interest for growers and extension services, who wish to have a better knowledge of the pest 
and natural enemy complex in cabbage in order to fine-tune their IPM-strategies. 
3.2 Materials and methods 
3.2.1 Field sites 
A two-year experiment was conducted at three locations in Flanders (i.e. Beitem, 
Kruishoutem and SKW), the main vegetables producing region of Belgium, from 2007 to 
2008. At each location (Figure 3.1), Brussels sprouts fields were established and leaf-feeding 
pests and their natural enemies were monitored. Growing specifications of the cabbage plants 
are given in table 3.1. Each year, Brussels sprouts were planted at new fields.  
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In 2007, the Brussels sprouts field in Beitem was surrounded at three sides by a road and at 
one side by a field planted with white cabbage (Brassicae oleracea var. capitata ). In 
Kruishoutem, the adjacent crops were: white cabbage, carrot (Daucus carota (L.)), maize 
(Zea mays L. ssp. mays) and cauliflower (Brassicae oleracea var. Botrytis)  followed by 
phacelia (Phacelia tanacetifolia (Benth.)); in SKW: white cabbage, cauliflower followed by 
courgette (Cucurbita pepo (L.)) and phacelia followed by cauliflower. In 2008, the adjacent 
crops in Beitem were: carrot and blanched celery (Apium graveolens var. dulce (L.)); in 
Kruishoutem: phacelia followed by chicory (Cichorium intybus var. foliosum) and leek 
(Allium porrum (L.)); and in SKW: leek and Brussels sprouts. Environmental variables 
(temperature (°C) and rainfall (mm)) were recorded daily at each location and means per 
month are given in annex I. 
At the time of planting of the Brussels sprouts, Dursban 480 (a.i.: 480 g/l chlorpyrifos; 
recommended field rate) was applied at the stem of each plant to control the cabbage root fly, 
Delia radicum (L.). Except for this application, plants were never treated with any insecticide. 
Because of the risk of infection of the Brussels sprouts plants with club root Plasmodiophora 
brassicae (Wor.); in 2008, club root resistant plants (Cronus) were used.  
At each Brussels sprouts field, monitoring took place on 3 (2007) or 6 (2008) replicates of 20 
plants, separated by at least two plants (Annex II). 
 
Figure 3.1. Location of the three research stations for vegetables in Flanders (1: Beitem, 2: Kruishoutem 
and 3: SKW). 
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Table 3.1. Growing specifications of Brussels sprouts plants during a two-year monitoring campaign (2007 
and 2008) in three areas in Flanders (Beitem, Kruishoutem and SKW) 
 Beitem Kruishoutem SKW 
 2007 2008 2007 2008 2007 2008 
Soil type sandy loam sandy loam fine sand fine sand loamy sand loamy sand 
Plant-date 15/05/07 14/05/08 18/05/07 19/05/08 14/05/07 14/05/08 
Plant-density 65 × 40 cm 70 × 40 cm 70 × 42 cm 70 × 40 cm 70 × 45 cm 70 × 50 cm 
Variety Maximus Cronus Maximus Cronus Clodius Cronus 
Field -
dimensions 
14 × 20 m 40 × 10 m 65 × 5.1 m 56 × 10.2 m 20 × 5.1 m 36 × 8.5 m 
3.2.2 Sampling of insects on the plants 
Sampling was carried out from 25 June to 23 October 2007 and from 3 June to 21 October 
2008. Every week (2007) or two weeks (from 8/07/2008 onwards) leaves with leaf damaging 
pest insects and their natural enemies were removed from the cabbage plants. In 2008, 
however, syrphid eggs, larvae and pupae were counted on the plants and only those on the 
heaviest aphid-infested leaf were taken to the laboratory for further development. Because we 
wanted to limit the influence of insect removal, the same plants were only revisited every four 
weeks. At each sampling occasion, three (2007) or six (2008) replicates of 20 plants were 
monitored (Annex II). Collected leaves with insects were placed per replicate in plastic bags 
(65 × 40 cm²) and transported to the laboratory. There, insects of each replicate were sorted 
and divided into several plastic cups (70 mm Ø and 70 mm h). The cups were kept at 25 ± 
2°C, 70 ± 20% relative humidity (RH) and ambient laboratory conditions. 
In both years, survival of the lepidopteran larvae was monitored and fresh cabbage leaves 
were added three times a week until emergence of the adult lepidopterans or their parasitoids. 
Collected syrphid larvae were allowed to develop in the aphid colony in which they were 
found. Survival was monitored and cabbage aphids were added three times a week until 
pupation. Because of the low number of syrphid individuals at some locations and years, 
syrphid abundance was calculated as the sum of the number of eggs, larvae and pupae per 
replicate.  
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In 2007, all aphid-infested leaves were removed from the plants and the number of aphids per 
replicate was assessed by cutting a circular piece out of an aphid-infested leaf (40 mm Ø) and 
counting the number of aphids and mummies (parasitized aphids) on this leaf section. Aphid 
numbers per leaf section were extrapolated to the whole leaf and this was done for each 
sampled leaf of the replicate. Afterwards, the numbers of aphids and mummies per leaf were 
summed to calculate the number of aphids and mummies per replicate. In 2008, the 
monitoring season of aphids was divided into three parts. Because of the low number of 
aphids from 3 to 24 June, all aphid-infested leaves were collected and all aphids were counted 
per replicate. On 1 and 8 July, the colonies of aphids in the field had grown and therefore the 
number of aphids per colony was assessed by extrapolation and divided according to 
following classes: 
 0: 0 ≤ 10 aphids per colony 
 1: 10 ≤ 30 aphids per colony 
 2: 30 ≤ 60 aphids per colony 
 3: 60 ≤ 90 aphids per colony 
 4: 90 ≤ 180 aphids per colony 
 5: 180 < 300 aphids per colony 
 6: ≥ 300 aphids per colony 
After classification, the number of colonies for each class was summed per replicate.  
Because of the high number and size of the aphid colonies, it was no longer possible to 
sample each aphid-infested leaf of the plant. Therefore, from 22 July until 28 October, the 
number of aphid-infested leaves per plant was counted per replicate. Parasitism rate in 2008 
was only calculated for the period from 3 to 24 June.  
Emerged adults of pests or predators were identified immediately, whereas emerged 
parasitoids were collected and stored in 70% ethanol for later identification. Parasitism rate of 
collected insects (caterpillars, aphids, syrphids) was estimated as the number of parasitized 
individuals of a species per replicate divided by the total number of living individuals 
(emerging adults of the pest or of the parasitoid) per replicate. 
 
Chapter 3 ___________________________________________________________________  
54 
 
3.2.3 Pan trap catching 
To monitor the migration of flying insects above the Brussels sprout plants, four yellow pan 
traps were placed in each cabbage field. The traps used were yellow painted funnels (20 cm Ø 
and 1250 ml) filled for three quarters with water and 10 ml of detergent. The funnels were 
suspended in a metal ring (15 cm Ø) that could be changed in height so as to keep them at 
crop height. In 2007, traps were emptied weekly from 5 June to 23 October. In 2008, they 
were emptied twice a week from 3 June to 28 October. Trap content was decanted through a 
1-mm mesh sieve and brought to the laboratory, where they were transferred to 70 % ethanol.  
3.2.4 Data analysis 
The statistical analyses were performed in STATA/MP 13.0 (Statacorp, 2013). Preliminary 
analyses showed several inconsistencies when fitting a mixed-effect model, using “week of 
sampling” as the random effect, strongly suggesting that “week of sampling” is a confounder. 
To overcome this problem, while acknowledging the clustered nature of the data, a 
population-averaged (GEE, generalized estimating equations) panel negative binomial model 
was used, when individual data were available (panel variable = “week of sampling”). 
Whenever the likelihood ratio test, comparing the clustered model with the relevant `ordinary' 
model, was not significant, the analysis was continued with the non-clustered variant of the 
relevant model. 
The frequency distributions of the different prevalence classes of the aphids in July were 
analyzed by means of an ordered logistic regression using classes (0 - 6) as dependent 
variable and location as independent variable. Again, the starting point was a mixed effect 
model with week of sampling as the random effect. 
Each time, the significance of interaction between location and year was tested: if not 
significant (p > 0.05), only the significant single effects (location and year) were kept in the 
model. When the most parsimonious model was obtained, the respective post-estimation 
multiple linear hypotheses were evaluated by means of Wald tests using a Bonferroni 
correction, for which p-values are presented.  
The mean temperature and rainfall per month were analyzed using ANOVA. Means were 
separated by LSD multiple range test (p = 0.05) or by a Tamhane’s T2 test when variances 
were not homogeneous (p = 0.05) (SPSS Inc., 2006).  
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3.3 Results and discussion 
3.3.1 Cabbage moth (Mamestra brassicae L.) 
According to the literature, two generations of the cabbage moth can occur in Belgium, i.e. a 
first generation around May-June and a second, economically more important generation 
starting from mid-July (Van De Steene, 1994; Waring & Townsend, 2006; Cartea et al., 
2009a). Our findings clearly demonstrate the occurrence of a second generation in the three 
locations (Beitem, Kruishoutem and SKW) for the two successive years (2007 and 2008) 
(Figures 3.2 and 3.3), whereas the occurrence of the first generation was less clear 
(Kruishoutem 2007, Beitem 2008 and SKW 2008) or could not be detected. Likewise, Poitout 
& Bues (1978) and Van De Steene (1994) caught only a small amount of adult moths from 
April to June (first generation) in contrast with abundant catches from July to September 
(second generation). Statistical analysis showed a significant interaction of the number of 
cabbage moth larvae between location and year (p < 0.001). Only in SKW, the number of 
larvae was significantly different between the monitoring years: more larvae were found in 
2008 compared with 2007 (p < 0.001). Further, in both years, the number of larvae was the 
lowest in SKW (p < 0.001) (Table 3.2).  
As found by Zaller et al. (2008) for the cabbage stem weevil (Ceutorhynchus pallidactylus 
Marsh.) and the pollen beetle (Meligethes aeneus F.), differences in the number of larvae 
found among locations may be attributed to differences in within-field factors such as soil 
quality, fertilization level, plant development, early cultivation and stand density and/or 
differences in landscape characteristics such as host plant area, isolation of host plant fields, 
number of host plant fields, distance between study field and surrounding host plant fields. 
Moreover, predation of M. brassicae and as a result the chance to find eggs or larvae could 
also be influenced by landscape factors and thus be different among locations (Bianchi et al. 
2005). Further, differences in numbers of larvae among locations could also be attributed to 
differences in neighbouring crops and non-crops among locations as these elements could 
have an influence on the spill-over of insects (i.e. edge effects) (Nicholls et al., 2001; 
Tscharntke et al., 2002). These factors were not taken into account during this research, but 
could have had an influence on cabbage moth abundance at different locations. From these 
results we can conclude that population density of the cabbage moth and thus the need for 
control varies between different locations and years. 
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The parasitism rate of the cabbage moth is tabulated in table 3.2. Only the monitoring years 
have a significant impact on the parasitism rate (p = 0.005), with a higher parasitism rate in 
2007 compared with 2008.   
(Hyper)parasitoids that emerged in the laboratory were sent to Dr. J.B. Whitfield (Department 
of Entomology, University of Illinois, Urbana, USA) and Dr. K. Horstmann (Department of 
Biology, University of Würzburg, Würzburg, Germany) for determination. The following 
parasitoids were found: Microplitis mediator (Haliday), Aleiodes sp. poss.circumscriptus 
(Nees), Campoletis annulata (Gravenhorst) and Scelionidae sp. Only species of the genus 
Mesochorus were found as hyperparasitoid. From these parasitoids, M. mediator was the most 
abundant. This is in accordance with the literature where M. mediator is reported as the 
species parasitizing M. brassicae with the highest constancy and abundance in central Europe 
(Turnock and Carl, 1995). Occasionally, larvae of the cabbage moth were parasitized by 
tachinid species. 
Cabbage moths were only rarely caught in the pan traps of 2007, which could be a result of 
the trap technique. Moths are usually monitored using light traps, which rely on the tendency 
of many moth species to fly towards light, and/or bait traps, which mimic their food sources 
(Laaksonen et al. 2006). The water trap technique could therefore be an inferior technique for 
monitoring adult moths. As a result, cabbage moths were not taken into consideration in the 
pan trap catches of 2008. Species of the genus Microplitis were also rarely caught in the pan 
traps; in 2007, no adult wasps were caught and in 2008 only two adults were caught in 
Beitem.  
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Figure 3.2. Number of larvae of the cabbage moth (mean ± SE) at three locations (Beitem, Kruishoutem 
and SKW) from 26/06/07 to 23/10/07. 
 
 
Figure 3.3. Number of larvae of the cabbage moth (mean ± SE) at three locations (Beitem, Kruishoutem 
and SKW) from 10/06/08 to 14/10/08.  
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Table 3.2. Mean number of larvae found per replicate and parasitism rate of the cabbage moth in three 
areas in Flanders (Beitem, Kruishoutem and SKW) for the monitoring periods 2007 and 2008 
Year Location No. of larvae
 a
 n
b 
Parasitism rate (%)
c 
2007 Beitem 6.06 ± 1.61a 10 40.00 ± 16.33* 
Kruishoutem 3.15 ± 0.93b 5 40.00 ± 24.49* 
SKW 0.63 ± 0.13c* 6 50.00 ± 22.36* 
2008 Beitem 4.38 ± 0.66a 34 17.61 ± 5.54 
Kruishoutem 4.52 ± 1.29a 24 20.14 ± 7.03 
SKW 1.62 ± 0.40b 22 9.09  ± 6.27 
a
: mean ± SE; means within a column and year followed by the same letter are not significantly different 
(Wald test, p > 0.05, Bonferroni correction); means within a column and location followed by an asterisk 
are significantly different (Wald test, p < 0.05, Bonferroni correction) 
b
: number of replicates whith M. brassicae larvae used for calculation of the parasitism rate  
c
: mean % ± SE; means within a column and year are not significantly different (Wald test, p > 0.05, 
Bonferroni correction); means within a column and location followed by an asterisk are significantly 
different (Wald test, p < 0.05, Bonferroni correction) 
3.3.2 Diamondback moth (Plutella xylostella L.) 
Figures 3.4 and 3.5 show that larvae and pupae of the diamondback moth are mainly present 
in the beginning of the growing season of Brussels sprouts (i.e. June and July). Their 
population built up from June on, reaching a peak end June/mid-July, whereafter it declined. 
From August on, the insect was only found sporadically in the field. In temperate areas, three 
generations of the diamondback moth may appear (Groen kennisnet, 2009; Van De Steene, 
1994). Our results clearly show only one generation during our two monitoring seasons. On 
the other hand, like in the study of Leskinen et al. (2011), a first generation of caterpillars 
could already have occurred on brassica weeds before we started to monitor and we may only 
have seen the next generation of the resulting adults. Further, it can be seen that there is a 
great variance in presence of larvae and pupae among locations (Beitem, Kruishoutem and 
SKW) and seasons (2007 and 2008).  
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Like for the cabbage moth, there was a significant interaction in the number of diamondback 
moth larvae and pupae between location and year (p = 0.002). In 2007, significantly more 
larvae and pupae were recorded in Kruishoutem than in Beitem (p = 0.015) and SKW (p < 
0.001), while in 2008 significantly more larvae and pupae were observed in Beitem and 
Kruishoutem compared to SKW (p < 0.001 for both locations). 
Further, the number of individuals in Beitem and SKW was significantly lower in 2007 
compared with 2008 (Beitem: p = 0.044; SKW: p = 0.002). These differences may be a result 
of the higher rainfall during June 2007 in Beitem and SKW compared with June 2008 (Annex 
I), as rainfall is reported as a major mortality factor for diamondback moth (Harcourt, 1986; 
Talekar and Shelton, 1993). Only for Beitem rainfall was significant higher in June 2007 
compared with June 2008 (p = 0.030). Besides rainfall, interspecific competition could also 
have been responsible for differences among locations. Hambäck et al. (2009) found that 
larvae of the cabbage moth consume eggs of other caterpillars. The higher abundance of 
larvae of the cabbage moth in 2007 in Beitem (section 3.3.1), may thus be related to lower 
numbers of diamondback moth. As reported for the cabbage moth, differences in 
diamondback moth abundance among locations could also be assigned to different predation 
rates or agricultural diversification at the research locations (Hooks and Johnson, 2003; 
section 3.3.1). Variations in appearance of P. xylostella across the growing seasons and 
locations were also reported in an earlier study by Van De Steene (1994). These variations 
highlight the importance of monitoring across different areas and during several years and the 
difficulty to predict the phenology of this insect.  
In the pan traps of 2007, adults were only caught in June for the three locations (Figure 3.6), 
confirming the early presence of larvae in the Brussels sprouts. During this period, there were 
no significant differences in the numbers of moths caught in the pan traps among locations (p 
≥ 0.104). The relatively higher abundance of adult moths in the pan-traps of Beitem and the 
low number of larvae and pupae on the plants in Beitem, indicate that either females were not 
able to lay eggs or larvae and pupae were not able to survive on the plants, which both could 
be a result of the higher rainfall in June 2007 in Beitem. In 2008, diamondback moths were 
not monitored using pan traps.  
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Analogous to the presence of the diamondback moth, parasitism of this pest varied among 
locations and seasons. However, the number of parasitized larvae in 2007 was too low to 
allow comparison among locations and years. Further, in 2008, no significant differences 
were found among locations (p ≥ 0.235) (Table 3.3).  
Parasitism rate in 2008 (51 – 84%) was similar to that reported for Diadegma semiclausum 
(Hellén) by Winkler et al. (2010) in the Netherlands (67%). Different parasitism rates could 
be a result of differences among locations in suitable ecological infrastructures for parasitoids 
within the landscape, such as provision of food, alternative prey, and shelter from adverse 
conditions (Landis et al., 2000). 
Laboratory collected (hyper)parasitoids were sent to Dr. K. Horstmann for identification. The 
following parasitoids and hyperparasitoids were found: D. semiclausum, Diadegma 
armillatum (Gravenhorst), Diadegma insulare (Cresson), Diadromus collaris (Gravenhorst) 
and Mesochorus olerum (Curtis), Bathynthrix decipiens (Gravenhorst), respectively. 
From these parasitoids, D. semiclausum showed the highest abundance. This is in accordance 
with the literature which considers D. semiclausum to be one of the most important species 
attacking P. xylostella in the world (Talekar and Shelton, 1993). Only a few individuals of P. 
xylostella appeared to be hyperparasitized.  
Figures 3.7 and 3.8 show the flights of Diadegma sp. adults in 2007 and 2008, based on pan 
trap catches. There was no interaction in their number between location and year (p ≥ 0.062). 
Further, there were no significant differences in the number of Diadegma individuals caught 
among locations for both years (p ≥ 0.072). However, in 2008, a significantly higher number 
of Diadegma sp. was caught in comparison with 2007 for all locations (p < 0.001), which 
probably is a result of the higher diamondback moth abundance in 2008. In contrast to 2007, 
the occurrence of Diadegma sp. in 2008 followed that of the diamondback moth (Figures 3.5 
and 3.8) with a delay of 2-3 weeks, which is consistent with the development time of D. 
semiclausum (Abbas, 1988).  
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Figure 3.4. Number of larvae and pupae of the diamondback moth (mean ± SE) at three locations (Beitem, 
Kruishoutem and SKW) from 26/06/07 to 23/10/07. 
 
 
Figure 3.5. Number of larvae and pupae of the diamondback moth (mean ± SE) at three locations (Beitem, 
Kruishoutem and SKW) from 10/06/08 to 14/10/08. 
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Figure 3.6. Number of diamondback moths (mean ± SE) caught in pan traps at three locations (Beitem, 
Kruishoutem and SKW) from 05/06/07 to 23/10/07. 
Table 3.3. Mean number of larvae found per replicate and parasitism rate of the diamondback moth in 
three areas in Flanders (Beitem, Kruishoutem and SKW) for the monitoring periods 2007 and 2008 
Year Location No. of larvae
 a
 n
b 
Parasitism rate (%)
c 
2007 Beitem 0.02 ± 0.02a* 2 50.00 ± 50.00 
Kruishoutem 3.80 ± 1.07b 15 80.44 ± 7.86 
SKW 0.06 ± 0.03a* 1 0.00 
2008 Beitem 1.96 ± 0.42a 28 71.47 ± 6.09 
Kruishoutem 3.00 ± 0.54a 35 83.69 ± 4.36 
SKW 0.91 ± 0.25b 22 50.45  ± 9.52 
a
: mean ± SE; means within a column and year followed by the same letter are not significantly different 
(Wald test, p > 0.05, Bonferroni correction); means within a column and location followed by an asterisk 
are significantly different (Wald test, p < 0.05, Bonferroni correction) 
b
: number of replicates whith P. xylostella larvae and pupae used for calculation of the parasitism rate  
c
: mean % ± SE; means within 2008 are not significantly different (Wald test, p > 0.05, Bonferroni 
correction) 
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Figure 3.7. Number of Diadegma sp. adults (mean ± SE) caught in pan traps at three locations (Beitem, 
Kruishoutem and SKW) from 05/06/07 to 23/10/07. 
 
 
Figure 3.8. Number of Diadegma sp. adults (mean ± SE) caught in pan traps at three locations (Beitem, 
Kruishoutem and SKW) from 03/06/08 to 28/10/08. 
3.3.3 The cabbage aphid (Brevicoryne brassicae L.) 
In 2007, cabbage aphids were found from the end of August on, building up their population 
until early October, whereafter the population decreased due to senescing leaves (Figure 3.9). 
Similar results were found in the Netherlands in 2000 (Bukovinszky et al., 2004). In contrast 
to our results, population build-up started a month earlier in the latter research. As mentioned 
before, different environmental circumstances could be the cause of this difference.  
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Further, the number of monitored cabbage aphids was significantly different across locations; 
in SKW significantly more cabbage aphids were counted than in Beitem (p < 0.001) and 
Kruishoutem (p < 0.001). In contrast to 2007, cabbage aphids were monitored earlier in the 
season in 2008. The population of cabbage aphids started to build up from 3 June (SKW) and 
24 June (Beitem and Kruishoutem). Environmental circumstances (e.g. rainfall) could 
significantly impact aphid populations and therefore may be a reason for the late cabbage 
aphid population build-up in 2007 (Clough et al., 2002; Hafez, 1961; Hughes, 1963). The 
significantly higher rainfall during May and June 2007 compared with 2008 may be related to 
this (May: p = 0.037 and June: p = 0.015) (Annex I).  
As can be seen in figure 3.10, the number of cabbage aphids in June 2008 was significantly 
higher in SKW in comparison with Beitem (p < 0.001) and Kruishoutem (p < 0.001). Further, 
the number of aphids in Beitem was significantly higher in comparison with Kruishoutem (p 
< 0.001). Because of the larger aphid colonies in July (01/07/08 and 08/07/08), colonies were 
assessed by extrapolation and divided into classes. The total number of colonies per replicate 
was significantly different among locations; in Beitem the lowest number of colonies was 
observed (Kruishoutem: p =  0.034; SKW: p = 0.004) (Figure 3.11). Further, no significant 
differences were found in the relative distribution of aphid colonies among locations (p ≥ 
0.538). 
From 22/07/08 onwards, the number of aphid-infested cabbage leaves was monitored (Figure 
3.12). In Beitem and Kruishoutem the number of aphid-infested leaves only increased with 
time, whereas in SKW numbers fluctuated in time. The decline in infested leaves in SKW 
around 19/08/08 is probably due to the presence of syrphid larvae (section 3.3.4), some 
species of which are known to be aphid-specific predators (Bergh, 2008; Smith et al., 2008). 
Overall, the number of infested leaves was significantly different across locations with the 
highest infestation in SKW (Beitem p < 0.001 and Kruishoutem: p < 0.001) (Figure 3.12). As 
seen before, within-field factors, edge-effects and landscape characteristics could be 
responsible for differences in insect abundance (i.e. cabbage aphid) among locations. Geiger 
et al. (2005) found higher aphid densities in open landscapes compared with forested 
landscapes, i.e. open landscapes allow aphids to more effectively colonize the field. These 
characteristics were not included in our study and their influence can therefore not be 
excluded.  
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Additionally, management techniques utilized on the research locations could also have 
altered pest abundance. Continuous presence of brassicaceous host plants may increase 
inocula of this pest (Karungi et al., 2010; Chaplin-Kramer, 2011b). 
From these results, we can conclude that the occurrence of the cabbage aphid in Brussels 
sprouts fields fluctuates across years. Generally, cabbage aphids are present during the whole 
cabbage season, but their population is characterized by an explosive growth from September 
on. van Rijn et al. (2006) reported that this resurgence may be due to the decreasing 
abundance of natural enemies (including syrphids). However, our results shows that syrphid 
larvae are still present in autumn (section 3.3.4), contradicting the findings of van Rijn et al. 
(2006). Different experimental circumstances such as landscape/habitat characteristics and 
environmental conditions could be a reason for this discrepancy.  
Natural enemies of cabbage aphid found on the cabbage plants are presented in table 3.4. 
(Hyper)Parasitoïds were determined by Dr. N. Kavallieratos (Department of Entomology and 
Agricultural Zoology, Benaki Phytopathological Institute, Attica, Greece) and Dr. P. Stary 
(Institute of Entomology, Czech Academy of Sciences, České Budějovice, Czech Republic). 
Syrphid larvae were the most abundant predators. Larvae of Coccinellidae and Chrysopidae 
on the other hand, were rarely found on the cabbage plants, which is consistent with the 
results of Hafez (1961) and Hughes (1963), who reported Aphidoletes and syrphid larvae as 
the main predators of the cabbage aphid. In 2007, parasitism of the cabbage aphid was 
significantly different among locations, with the lowest parasitism rate in SKW (Beitem: p < 
0.001; Kruishoutem: p < 0.001) (Figure 3.13). As noted before, these differences could be a 
result of differences among locations in the presence of suitable ecological infrastructures for 
parasitoids within the landscape. In June 2008, parasitism rate varied between 28.85% and 
42.42% and was not significantly different among locations (p ≥ 0.452). In both years, the 
main parasitoid found was Diaeretiella rapae (M’Intosh), which is known as the main 
primary parasitoid of B. brassicae (Acheampong and Stark, 2004; Zang and Hassan, 2003). 
Further, hyperparasitism also occurred and was mainly due to Alloxysta fuscicornis (Hartig), 
which is reported to be the main hyperparasitoid of D. rapae in Mid-Europe (Nahif and 
Madel, 1990).  
Figures 3.14 and 3.15 depict the number of aphids caught in the pan traps during 2007 and 
2008. Note that no distinction was made between the different aphid species. In 2007, aphids 
were mainly found at the beginning and the end of the monitoring season.  
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This probably can be explained by the migration of alatae; these forms migrate in and out the 
field respectively at the start and the end of the season. Further, the high abundance at the end 
of the monitoring season could be attributed to the high number of cabbage aphids. In 2008, 
those peaks were less clearly visible. Further, irrespective of the locations, aphids were 
significantly more abundant in 2008 compared to 2007 (p = 0.020), confirming the higher 
aphid abundance in-situ during 2008 compared with 2007.  
 
Figure 3.9. Number of cabbage aphids on the plants (mean ± SE) at three locations (Beitem, Kruishoutem 
and SKW) from 28/08/07 to 23/10/07. 
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Figure 3.10. Number of cabbage aphids on the plants (mean ± SE) at three locations (Beitem, 
Kruishoutem and SKW) from 03/06/08 to 24/06/08. 
 
 
Figure 3.11. Total number of cabbage aphid colonies (mean ± SE) at three locations (Beitem, Kruishoutem 
and SKW), summed for sampling dates 1/07/08 and 8/07/08. Bars with the same letter are not significantly 
different (Wald test, p > 0.05, Bonferroni correction). 
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Figure 3.12. Number of cabbage aphid-infested leaves (mean ± SE) at three locations (Beitem, 
Kruishoutem and SKW) from 22/07/08 to 28/10/08.  
Table 3.4. Natural enemies of the cabbage aphid, B. brassicae, found in cabbage fields at three locations 
(Beitem, Kruishoutem and SKW) during the monitoring seasons 2007 and 2008 
Predators Parasitoids Hyperparasitoids 
Aphidoletes aphidimyza 
(Rondani) (Diptera; 
Cecidomyiidae) 
Aphidius ervi (Haliday) 
(Hymenoptera; Braconidae) 
Alloxysta fuscicornis (Hartig) 
(Hymenoptera; Charipidae) 
Episyrphus balteatus 
(Degeer) (Diptera; 
Syrphidae) 
Ephedrus sp. (Hymenoptera; 
Braconidae) 
Asaphes suspensus (Nees) 
(Hymenoptera; 
Pteromalidae) 
Eupeodes corollae 
(Fabricius) (Diptera; 
Syrphidae) 
Diaeretiella rapae 
(M'Intosh) (Hymenoptera; 
Braconidae) 
Asaphes vulgaris (Walker) 
(Hymenoptera; 
Pteromalidae) 
Melanostoma mellinum (L.) 
(Diptera; Syrphidae) 
Praon volucre (Haliday) 
(Hymenoptera; Braconidae) 
Coruna clavata (Walker) 
(Hymenoptera; 
Pteromalidae) 
Sphaerophoria scripta (L.) 
(Diptera; Syrphidae) 
Stenomacrus sp. 
(Hymenoptera; 
Ichneumonidae) 
Dendrocerus sp. 
(Hymenoptera; 
Megaspilidae) 
Syrphus ribesii (L.) (Diptera; 
Syrphidae)  
Pachyneuron aphidis 
(Bouché) (Hymenoptera; 
Pteromalidae) 
 
 
Pachyneuron muscarum (L.) 
(Hymenoptera; 
Pteromalidae) 
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Figure 3.13. Parasitism percentage of the cabbage aphid, B. brassicae (mean ± SE) at three locations 
(Beitem, Kruishoutem and SKW) from 28/08/07 to 23/10/07. 
 
 
Figure 3.14. Number of aphids (mean ± SE) caught in the pan traps at three locations (Beitem, 
Kruishoutem and SKW) from 05/06/07 to 23/10/07. 
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Figure 3.15. Number of aphids (mean ± SE) caught in the pan traps at three locations (Beitem, 
Kruishoutem and SKW) from 03/06/08 to 28/10/08. 
3.3.4 Syrphidae as natural enemies of the cabbage aphid 
During the monitoring campaign, we recorded five different aphidophagous syrphid species 
on the Brussels sprouts plants (Table 3.4). Except for S. ribesii, these species are known to be 
dominant in Syrphinae communities from open habitats, all over Western Europe (Branquart 
and Hemptinne, 2000). Episyrphus balteatus was the most abundant of the recorded species 
(2007: 80.09% and 2008: 89.36%), which is consistent with earlier reports proving the high 
abundance of this species in arable land in Europe (Tenhumberg and Poehling, 1995; 
Branquart and Hemptinne, 2000; van Rijn and Smit, 2007; Haenke et al., 2009; Primante and 
Dötterl, 2010). Figures 3.16 and 3.17 show the presence of the non-adult life stages of 
syrphids (eggs, larvae and pupae) on Brussels sprouts plants during the two successive 
monitoring campaigns. In 2007, syrphids were found late in the season. Normally, they can be 
observed from April-May and become very numerous during the summer (July and August) 
(Branquart and Hemptinne, 2000; Stubbs and Falk, 2002). In contrast to 2007, syrphids were 
found much earlier in 2008. This is probably due to the earlier presence of aphids in the field 
in 2008 (Figures 3.9 and 3.10).  
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Data analysis shows a significant interaction in the number of eggs, larvae and pupae of 
aphidophagous syrphids between location and year (p = 0.003) (Table 3.5). There was a 
significantly higher abundance of syrphids in SKW in comparison to Beitem and 
Kruishoutem for both years (2007: Beitem: p < 0.001; Kruishoutem: p < 0.001; 2008: Beitem: 
p < 0.001; Kruishoutem: p < 0.001). Further, in 2008, significantly more syrphids were 
observed in Beitem compared with Kruishoutem (p = 0.003). The higher syrphid abundance 
in SKW is probably a result of the higher aphid abundance at former location (section 3.3.3; 
Hughes, 1963; Nieto et al., 2006). 
During the development of the field collected syrphids in the laboratory, we also observed 
parasitism. Parasitoids were collected and sent to K. Zwakhals (Arkel, the Netherlands) for 
determination. Following parasitoids were found: Sussaba flavipes (Lucas) (Hymenoptera; 
Ichneumonidae), Syrphoctonus signatus (Gravenhorst) (Hymenoptera; Ichneumonidae), 
Diplazon laetatorius (Fabricius) (Hymenoptera; Ichneumonidae) and Promethes sulcator 
(Gravenhorst) (Hymenoptera; Ichneumonidae). Parasitism rate varied between 10.33% and 
40.00% in 2007 and between 12.40% and 30.80% in 2008. There were no significant 
differences among locations (p ≥ 0.071), irrespective of the years.  
From the results of the in situ monitoring, we can conclude that syrphid abundance is strongly 
related with aphid abundance, which is in agreement with the research of Salveter (1998) and 
Freier et al. (2007). The latter stated that the numerical response to aphid densities was the 
strongest for syrphid eggs and larvae compared to other aphid predators. Consequently, given 
also the aforementioned results (section 3.3.3), syrphids can play an important role in the 
suppression of aphids in Brussels sprouts. 
Table 3.6 lists the syrphids caught in the pan traps. Twenty-three different species were 
caught over the three locations and two seasons. Eristalis arbustorum (L.), E. tenax (L.), 
Helophilus trivittatus (Fabricius), E. balteatus, E. corollae and S. scripta were found at all 
three locations. E. arbustorum was the most abundant saprophagous syrphid collected in both 
years, whereas E. balteatus was the most abundant aphidophagous species. 
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 However, it is likely that the number of aphidophagous syrphids is underestimated, because 
aquatic saprophagous syrphids fly higher in search for water as a suitable oviposition site and 
therefore have a greater chance to detect the yellow pan traps in contrast to aphidophagous 
syrphids, which fly more at crop height or between the plants and therefore have less chance 
to detect the pan traps (Stubbs & Falk, 2002). Figures 3.18 and 3.19 show the number of 
aphidophagous syrphids caught in the pan traps during the two monitoring seasons.  
In both years, the presence of aphidophagous syrphids was the highest during July, August 
and September, confirming that high summer is the main season for syrphids to be active 
(Stubbs & Falk, 2002). There were no significant differences in the number of aphidophagous 
syrphids among locations for both years (2007: p ≥ 0.217; 2008: p ≥ 0.191). The significant 
interaction between location and year (p = 0.015) is due to the significantly higher capture of 
syrphids in Beitem 2008 compared with the number in Beitem 2007 (p = 0.004), while the 
numbers at the other locations (Kruishoutem and SKW) remain equal for both years (2007 
and 2008). These results are contradictory to the previously mentioned in-situ results, which 
can be explained by the fact that not all aphidophagous syrphids caught in the pan traps 
actually visit the aphid-infected Brussels sprouts plants: probably, only a part of the 
aphidophagous syrphid guild accepts the cabbage aphid as natural prey. Thus, in-situ 
monitoring in combination with pan traps may yield a more complete view of the syrphid 
assemblage in and around a Brussels sprouts field. 
 
Figure 3.16. Number of aphidophagous syrphids (eggs, larvae and pupae; mean ± SE) at three locations 
(Beitem, Kruishoutem and SKW) from 26/06/07 to 23/10/07. 
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Figure 3.17. Number of aphidophagous syrphids (eggs, larvae and pupae; mean ± SE) at three locations 
(Beitem, Kruishoutem and SKW) from 03/06/08 to 28/10/08. 
Table 3.5. Mean number of eggs, larvae and pupae found per replicate and parasitism rate of 
aphidophagous syrphidae in three areas in Flanders (Beitem, Kruishoutem and SKW) for the monitoring 
periods 2007 and 2008 
Year Location No. of eggs, larvae 
and pupae
 a
 
n
b 
Parasitism rate (%)
c 
2007 Beitem 0.70 ± 0.18a 11 34.85 ± 13.57 
Kruishoutem 0.61 ± 0.24a* 5 40.00 ± 24.49 
SKW 2.91 ± 0.63b* 25 10.33 ± 5.03 
2008 Beitem 0.48 ± 0.18a 24 22.92 ± 8.50 
Kruishoutem 0.14 ± 0.06b 25 30.80 ± 8.42 
SKW 4.61 ± 0.81c 41 12.40 ± 4.48 
a
: mean ± SE; means within a column and year followed by the same letter are not significantly different 
(Wald test, p > 0.05, Bonferroni correction); means within a column and location followed by an asterisk 
are significantly different (Wald test, p < 0.05, Bonferroni correction) 
b
: number of replicates whith syrphid eggs, larvae and pupae used for calculation of the parasitism rate  
c
: mean % ± SE; means within a year or location are not significantly different (Wald test, p > 0.05, 
Bonferroni correction) 
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Table 3.6. Syrphidae (mean % ± SE) found in the pan traps at three locations (Beitem, Kruishoutem and 
SKW) during the monitoring seasons 2007 and 2008 and their larval food habit (AS = aquatic 
saprophagous, TS = terrestrial saprophagous, A = aphidophagous) 
Species Larval food 
habit 
Beitem Kruishoutem SKW 
  2007 2008 2007 2008 2007 2008 
Eristalis arbustorum (L.) AS 67.92 ± 
8.43 
37.57 ± 
5.40 
42.69 ± 
8.23 
19.87 ± 
7.13 
54.55 ± 
14.23 
33.74 ± 
6.74 
E. tenax (L.) AS 22.92 ± 
7.48 
26.51 ± 
5.28 
24.62 ± 
6.68 
8.27 ± 
4.45 
13.64 ± 
7.04 
30.50 ± 
6.56 
E. pertinax (Scopoli) AS 0.00 0.60 ± 
0.60 
0.00 0.00 0.00 0.90 ± 
0.90 
E. abusivus (Collin) AS 0.00 1.59 ± 
1.25 
0.00 5.33 ± 
4.16 
0.00 0.00 
Eristalinus sepulchralis 
(L.) 
AS 0.00 0.60 ± 
0.60 
0.00 0.00 0.00 0.90 ± 
0.90 
Helophilus pendulus (L.) AS 0.00 0.00 0.00 4.00 ± 
4.00 
0.00 2.93 ± 
1.94 
H. affinis (Wahlberg) AS 0.00 0.79 ± 
0.79 
0.00 0.00 0.00 1.35 ± 
1.35 
H. trivittatus (Fabricius) AS 1.67 ± 
1.67 
5.12 ± 
2.13 
5.91 ± 
2.85 
2.67 ± 
2.67 
9.09 ± 
9.09 
2.79 ± 
1.67 
Parhelophilus versicolor 
(Fabricius) 
AS 0.00 0.22 ± 
0.22 
0.00 0.00 0.00 0.00 
Myathropa florea (L.) AS 0.00 0.00 3.23 ± 
3.23 
4.00 ± 
4.00 
0.00 0.00 
Xylota segnis (L.) TS 0.00 0.34 ± 
0.34 
0.00 0.00 0.00 2.79 ± 
2.30 
Syritta pipiens (L.) TS 0.00 0.00 0.00 0.00 0.00 0.68 ± 
0.68 
Syrphus ribesii (L.) A 0.00 0.00 3.23 ± 
3.23 
0.00 0.00 2.03 ± 
1.49 
S. vitripennis (Meigen) A 0.00 0.00 0.00 2.00 ± 
2.00 
0.00 0.90 ± 
0.90 
Melanostoma mellinum 
(L.) 
A 0.00 5.75 ± 
3.37 
0.00 0.00 13.64 ± 
9.75 
1.35 ± 
1.35 
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Episyrphus balteatus (De 
Geer) 
A 2.50 ± 
2.50 
10.50 ± 
3.87 
15.65 ± 
5.88 
32.40 ± 
8.54 
9.09 ± 
9.09 
4.73 ± 
3.04 
Platycheirus scambus 
(Staeger) 
A 0.00 1.19 ± 
1.19 
0.00 0.00 0.00 0.00 
P. granditarsus (Forster) A 0.00 0.00 0.00 0.00 0.00 4.96 ± 
3.09 
P. clypeatus (Meigen) A 0.00 0.89 ± 
0.66 
0.00 0.00 0.00 0.00 
Sphaerophoria scripta 
(L.) 
A 0.00 2.58 ± 
1.52 
3.23 ± 
3.23 
0.8 ± 0.8 0.00 0.68 ± 
0.68 
Eupeodes corolla 
(Fabricius) 
A 5.00 ± 
3.44 
5.78 ± 
2.20 
0.81 ± 
0.81 
16.67 ± 
6.87 
0.00 3.38 ± 
2.77 
E. latifasciatus 
(Macquart) 
A 0.00 0.00 0.65 ± 
0.65 
0.00 0.00 0.00 
E. luniger (Meigen) A 0.00 0.00 0.00 0.00 0.00 1.35 ± 
1.35 
NI
a 
- 0.00 0.00 0.00 4.00 ± 
4.00 
0.00 4.05 ± 
2.99 
Total saprophagous - 92.50 ± 
4.10 
73.31 ± 
5.31 
76.45 ± 
6.95 
44.13 ± 
8.95 
77.27 ± 
12.37 
76.58 ± 
6.01 
Total aphidophagous - 7.50 ± 
4.10 
26.69 ± 
5.31 
23.55 ± 
6.95 
51.87 ± 
9.02 
22.73 ± 
12.37 
19.37 ± 
5.62 
a
: NI = no positive identification 
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Figure 3.18. Number of aphidophagous syrphids (mean ± SE) caught in the pan traps at three locations 
(Beitem, Kruishoutem and SKW) from 12/06/07 to 23/10/07. 
 
 
Figure 3.19. Number of aphidophagous syrphids (mean ± SE) caught in the pan traps at three locations 
(Beitem, Kruishoutem and SKW) from 03/06/08 to 28/10/08. 
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3.4 Conclusions 
In this research a detailed overview of the phenology of the main pest insects in cabbage was 
given. Diamondback moth is primarily active in the start of the Brussels sprouts season (June-
July), whereas the cabbage moth and cabbage aphids are more abundantly present later in the 
season (August-October).  
Further, our study demonstrated that natural enemies such as parasitoids and predators were 
abundant in the field and probably affected the population dynamics of the pests. However, 
they were unable to keep the pests under control. Therefore, the use of insecticides still 
remains necessary to fulfill the quality demands of the industry and market.  
Further, it should be noted that the presence of pests and their natural enemies can strongly 
vary among locations and seasons. Moreover, the present study emphasizes that predictions 
about pest-occurrence for a season are difficult to make. Herbivore abundance could be 
influenced by several factors: within-field factors, edge-effects, landscape characteristics, 
management techniques and environmental factors. Additionally, the presence of natural 
enemies and suitable ecological infrastructures for these natural enemies are also important 
factors to take into consideration when predicting pest phenology. 
During the season, monitoring of  herbivore pests and their natural enemies could assist 
growers in taking a decision to interfere. As can be seen from our results, different monitoring 
techniques can result in different outcomes for the abundance of an arthropod species. In 
order to have a complete overview of insect abundance, in-situ monitoring combined with the 
use of an appropriate trap (sticky traps, pan traps,…) is recommended. Moreover, it should be 
noted that results on insect abundance at one location cannot be extrapolated to a larger area. 
Monitoring should therefore preferably be done at each location of interest.  
At this moment, a monitoring- and warning system for herbivore pests in cabbage already 
exists in Flanders. Unfortunately, the system does not take the abundance of natural enemies 
into account. The present research has yielded a detailed overview of the phenology of pest 
insects and their natural enemies in cabbage at different locations in Flanders which could be 
used to optimize the warning system. This may contribute to a further reduction of pesticide 
use by cabbage growers. 
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Chapter 4  
Impact of flower strips on the abundance of Brussels sprouts pests and their 
natural enemies  
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4.1 Introduction 
According to European directive 2009/128/EC, European growers will be obliged to resort to 
Integrated Pest Management (IPM) strategies. One of the central strategies within IPM is 
Conservation Biological Control (CBC), i.e. enhancing the effectiveness of natural enemies 
by manipulation of their environment or of existing pesticide strategies (Barbosa, 1998; 
Jonsson et al., 2008). CBC may consist of several tactics (Chapter 2), one of which is 
increasing the availability of non-prey food for natural enemies. Flowering plants play a 
major role in the fecundity, activity and longevity of beneficial insects by providing them with 
nectar and pollen (Wäckers et al., 2008; Hogg et al., 2011a,b). In modern agro-ecosystems 
dominated by large arable monocultures, beneficial insects can suffer from a lack of pollen 
and nectar resulting in a negative impact on their regulation of pests (Pfiffner et al., 2009). 
Establishing flower strips in these agro-ecosystems can help enhancing the availability of 
non-prey food. Besides delivering pollen and nectar, flowering plants may provide alternative 
prey and/or shelter for invertebrate predators, parasitoids  and pollinators (Pontin et al., 2006). 
All these features can enhance the survival, development and reproduction of beneficial 
insects resulting in an increased pest suppression and an improved crop yield. However, 
increasing the abundance of floral resources can also aggravate the damage by herbivores as a 
result of enhanced herbivore fitness or increased superparasitism (Lavandero et al. 2006). 
This risk can be lowered by using selective plant species, i.e. plants that only enhance the 
fitness of the beneficial insect, without improving the fitness of the pest (Wäckers et al., 2007; 
Géneau et al., 2012). 
In this study, we examine the impact of an annual flower strip on the phenology of the main 
pest insects associated with Brussels sprouts, i.e. cabbage aphid (Brevicoryne brassicae [L.]) , 
cabbage moth (Mamestra brassicae [L.]) and diamondback moth (Plutella xylostella [L.]), 
and their natural enemies (i.e. parasitoids and syrphids) at three locations in Flanders (Beitem, 
Kruishoutem and Sint-Katelijne-Waver [SKW]). The weedy flowers used in the strip were 
selected not only based on their functionality to enhance beneficial insects, but also based on 
their overlapping flowering period. Borago officinalis (L.) (Boraginaceae), a flower-rich 
nectar plant, is known to be preferred by pollinators, such as honeybees and bumblebees 
(Carvell et al., 2006). Besides, it can also act as a banker plant for aphid parasitoids.  
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Upon aphid infestation, it has been reported to release volatiles capable of attracting aphid 
parasitoids (El-Shafei and Gotoh, 2010; Fujinuma et al., 2010). Cornflower, Centaurea 
cyanus (L.) (Asteraceae), is of great value for beneficials, not only because of its floral nectar, 
but also because of its extrafloral nectar. Kopta et al. (2012) found that ladybeetles were 
present on the flower buds of C. cyanus, which was most probably due to the extrafloral 
nectar. The high abundancy of coccinellids on C. cyanus was confirmed by Fitzgerald and 
Solomon (2004). They also recommended this plant to enhance hoverfly and predatory bug 
numbers. Further, this plant is visited by hymenopteran parasitoids of cabbage pests but not 
by cabbage-herbivores (Winkler, 2005; Géneau et al., 2012; Belz et al., 2013). Little is known 
about the suitability of corn marigold (Chrysanthemum segetum [L.]) (Asteraceae) and field 
poppy (Papaver rhoeas [L.]) (Papaveraceae) for beneficial insects. Fitzgerald and Solomon 
(2004) observed high numbers of hymenopteran parasitoids during suction sampling on C. 
segetum. Nentwig et al. (2002) found that P. rhoeas was preferred as an oviposition site by 
Chrysoperla carnea (Stephens) above other plants. Coriander, Coriandrum sativum (L.) 
(Apiaceae), is known to be readily exploited by hoverflies (Colley and Luna, 2000; Morris 
and Li, 2000) because of its short corolla size and white flowers. Nonetheless, Nilsson et al. 
(2011) report that coriander was repellent for Trybliographa rapae (Westwood), a parasitoid 
of the cabbage root fly, Delia radicum (L.). However, this repellency may be species specific 
as other authors found that coriander increased life parameters (fecundity, longevity) of other 
parasitoids (Baggen and Curr, 1998; Vattala et al., 2006). Further, this plant is interesting 
because of its early-season flowering period (Colley and Luna, 2000; Pascual-Villalobos et 
al., 2006). Buckwheat, Fagopyrum esculentum (Mill.) (Polygonaceae), is a commonly advised 
flowering source in habitat manipulation studies because of its suitability to several beneficial 
insects (i.e. predatory hoverflies, ladybeetles, parasitoids, …) (Kopta et al., 2012; Winkler et 
al., 2009; Woltz et al., 2012). However, in brassica crops buckwheat can have a two-sided 
effect. It can support parasitoids such as Microplitis mediator (Haliday), T. rapae, Cotesia 
rubecula (Marshall) and Diadegma semiclausum (Helen) by providing nectar (Bukovinszky et 
al., 2003; Lavandero et al., 2005; Nilsson et al., 2011; Winkler et al., 2010; Géneau et al., 
2012), but also pests such as  P. xylostella and Pieris rapae (L.), for the same reason (Lee and 
Heimpel, 2005; Winkler et al., 2010). Further, buckwheat has a quick germination and short 
sowing to flowering time (Lee and Heimpel, 2005; Simpson et al., 2011).  
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Foeniculum vulgare (Mill.) (Apiaceae) or fennel is recommended by Kopta et al. (2012) as a 
nectar and pollen source for ladybeetles, ichneumonid wasps and hoverflies, especially later 
in the season (August-September). This corroborates earlier research indicating a relative 
preference of hoverflies for fennel (Colley and Luna, 2000). Intercropping of cauliflower 
(Brassica oleracea var. botrytis [L.]) with sunflower (Helianthus annuus [L.]) (Asteraceae) 
proved highly suitable for coccinellids (Muthukumar and Sharma, 2009). Laboratory tests of 
Adepipe and Park (2010) confirmed this attractiveness of sunflower for the generalist 
coccinellid predator Harmonia axyridis (Pallas). Like Vicia faba (L.), V. sativa (L.) 
(Fabaceae) could act as an aphid reservoir for beneficial insects (Kopta et al., 2012). 
Moreover, Géneau et al. (2012) identified V. sativa as a selective flower to enhance biological 
control of M. brassicae. Furthermore, like C. cyanus, H. annuus and V. sativa have both 
extrafloral nectaries providing a supplemental food source for beneficials (Mizell, 2012). 
Besides studying the impact of the flower strip on the abundance of Brussels sprouts pests and 
their associated natural enemies, we also investigated its effect on the sprout yield by 
assessing several damage parameters. 
4.2 Materials and methods 
4.2.1 Field sites 
The field experiment was conducted during a single growing season from 03 June to 21 
October 2008 at three locations in Flanders (i.e. Beitem, Kruishoutem and SKW). At each 
location, two Brussels sprouts fields were established, separated from each other by at least 
300 m to minimize dispersal of insects (pests and natural enemies) between treatments. One 
field (FS) was bordered at one side with a flower strip, whereas the other field (CO) served as 
a control and was bordered at all sides by crop fields, hedgerows, pastures or buildings 
(Annex III). In Beitem, two sides of the FS-field were contiguous to pastures and one side to a 
field planted with white cabbage (Brassicae oleracea var. capitata); the CO-field, was 
adjacent at two sides to a sand track (2 m) followed by a hedgerow (Alnus glutinosa [L.]) and 
at the two other sides by a field planted with earth apple (Helianthus tuberosus [L.]).  
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In Kruishoutem, the FS-field was surrounded by a field planted with cauliflower (Brassica 
oleracea convar. botrytis var. botrytis), by a sand track (3 m) and a building and by a field 
planted with Brussels sprouts; the CO-field was surrounded by a grass strip (3 m) followed by 
a hedgerow (A. glutinosa), by a sand track (3 m) and a greenhouse, by a field planted with 
white cabbage and by a field planted with chicory (Cichorium endivia [L.]). In SKW, the FS-
field was surrounded by pasture, by a pond and by a grass strip (3m) and a road; the CO-field 
was surrounded by a grass strip (1.5 m) and a road, by a field planted with leek (Allium 
porrum [L.]), by a grass strip (1.5 m) and trees (Salix sp.) and by pasture. Growing 
specifications of the cabbage plants are given in table 4.1.  
Flowering plants (B. officinalis, C. cyanus, C. segetum, P. rhoeas, C. sativum, F. esculentum, 
F. vulgare, H. annuus and V. sativa) were sown in borders of 3 m wide and 40 m long at two 
times to maximize the blooming period of the flower strip. Seeds were obtained from 
Medigran (Hoorn, the Netherlands). The first half of the border (1.5m) was sown on 08 May 
2008, 09 May 2008 and 08 May 2008 in Beitem, Kruishoutem and SKW, respectively, the 
second half at 05 June 2008, 11 June 2008 and 02 June 2008, respectively. The blooming 
periods of the flower species were recorded and are given in annex IV. Environmental 
variables (temperature [°C] and rainfall [mm]) were recorded daily at each location and means 
per month are given in annex I. 
In order to control the cabbage root fly, Delia radicum (L.), Dursban 480 (a.i.: 480 g/l 
chlorpyrifos; recommended field rate) was applied at the stem of each Brussels sprouts plant 
at the time of planting. Except for this application, plants were not treated with insecticides. In 
order to prevent cabbage clubroot (Plasmodiophora brassicae [Woronin]), a clubroot resistant 
variety of Brussels sprouts, Cronus, was selected for the experiments. Further, plants were 
cultivated according to Good Agricultural Practices. 
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Table 4.1. Growing specifications of Brussels sprouts plants of the FS- and CO-field in three areas in 
Flanders (Beitem, Kruishoutem and SKW) during the monitoring season 2008 
 Beitem Kruishoutem SKW 
 FS CO FS CO FS CO 
Soil type sandy loam sandy loam sandy loam sandy loam loamy sand loamy sand 
Plant-date 14/05/08 14/05/08 20/05/08 19/05/08 08/05/08 16/05/08 
Plant-density 70 × 40 cm 70 × 40 cm 70 × 40 cm 70 × 40 cm 70 × 50 cm 70 × 50 cm 
Variety Cronus Cronus Cronus Cronus Cronus Cronus 
Field 
dimensions 
40 × 41.2 m 29 × 19 m 40 × 40 m 76 × 15 m 40 × 12.5 m 32 × 12.5 m 
4.2.2 Sampling of insects on the plants 
Sampling was carried out from 03 June to 21 October 2008. Every week (from 03/06/08 until 
08/07/08) or every two weeks (from 08/07/2008 onwards) 3×8 (CO-field) or 6×8 (FS-field) 
samples of 2 plants were taken. These samples were divided at various distances from the 
flower strip (FS-field) or the field edge (CO-field) to assess the influence of the distance to 
the flower strip, i.e. 1, 5, 10, 20, 30 and 40 m to the flower strip and 1, 5 and 10 m to the field 
edge. Because we wanted to limit the influence of insect removal, the same plants were only 
revisited every four weeks. 
Leaf damaging pest insects such as the cabbage moth and the diamondback moth were 
removed from the cabbage plants during sampling and taken to the laboratory, while eggs, 
larvae and pupae of syrphids were counted on the plants and only those on the heaviest aphid-
infested leaf were taken to the laboratory. These leaves were placed per sample (two plants) in 
plastic cups (70 mm Ø and 70 mm h) and transported to the laboratory for further 
development at 25 ± 2°C and 70 ± 20% relative humidity (RH). 
The monitoring of aphids was divided into three parts. Because of the low number of aphids 
from 03 to 24 June, all aphid-infested leaves were collected, transported to the laboratory and 
all aphids (parasitized and non-parasitized) were counted per replicate.  
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From July onwards, the colonies of aphids in the field had grown and therefore, on 1 and 8 
July, the number of aphids per colony was estimated by extrapolation using leaf sections 
(section 3.2.2) and divided according to following classes: 
 0: 0 ≤ 10 aphids per colony 
 1: 10 ≤ 30 aphids per colony 
 2: 30 ≤ 60 aphids per colony 
 3: 60 ≤ 90 aphids per colony 
 4: 90 ≤ 180 aphids per colony 
 5: 180 < 300 aphids per colony 
 6: ≥ 300 aphids per colony 
After classification, the number of colonies for each class was summed per sample and the 
number of parasitized aphids was counted per sample. The parasitism rate for this period was 
calculated as follows:  
P (%) = ap/ at 
P = parasistism rate 
ap = no. of parasitized aphids/ sample 
at = 5   k0 + 20   k1 + 45   k2 + 75   k3 + 135   k4 + 240  k5 + 500   k6 
with ki: the number of aphid colonies per class i  
Because of the high number and large size of the aphid colonies, it was no longer possible to 
sample each aphid-infested leaf of each sampled plant. Therefore, from 22 July until 28 
October, the number of aphid-infested leaves per plant was counted per sample. 
Survival of the lepidopteran larvae was monitored in the laboratory and fresh cabbage leaves 
were added three times a week until emergence of the adult lepidopterans or their parasitoids. 
Collected syrphid larvae were allowed to develop in the aphid colony in which they were 
found. Survival was monitored and cabbage aphids were added three times per week until 
emergence of the adult syrphid or its parasitoid. Collected aphid colonies were held until 
parasitoids emerged. 
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Emerged adults of pests or predators were identified immediately, whereas emerged 
parasitoids were collected and stored in 70% ethanol for later identification. Parasitism and 
mortality due to other causes of collected insects (caterpillars, aphids, syrphids) were 
estimated as the number of parasitized and dead individuals of a species per sample, 
respectively, divided by the total number of living individuals and the total number of 
individuals per replicate, respectively. 
Like in Chapter 3 a population-averaged (GEE: generalized estimating equations) panel 
negative binomial model was used, when individual data were available. “Week of sampling” 
is used as panel variable. Whenever the likelihood ratio test, comparing the clustered model 
with the relevant `ordinary' model, was not significant, the analysis was continued with the 
non-clustered variant of the relevant model. 
The frequency distributions of the different prevalence classes of the aphids in July were 
analyzed as described in Chapter 3 (section 3.2.4).  
Analysis started with a saturated model and interactions and non-significant main factors were 
dropped at a significance level of 0.05. Each saturated model contained two factors: location 
(Beitem, Kruishoutem and SKW) and field (FS- and CO-field). When the most parsimonious 
model had been obtained, the respective post-estimation multiple linear hypotheses were 
evaluated by means of Wald tests using a Bonferroni correction, for which p-values are given 
(StataCorp, 2013). 
4.2.3 Pest regulation  
The assessment of pest regulation was done at the end of the growing season (13, 14 and 05 
November 2008, for Beitem, Kruishoutem and SKW, respectively) by checking the 
harvestable part of the plant, i.e. the sprouts. 48 and 24 plants were assessed divided over 6 
and 3 distances (8 plants/distance) for the FS- and CO-field, respectively. From one side of 
each plant and ten centimeter above soil level, ten sprouts were collected to check for the 
following parameters: decay (decaying leaves), aphids, superficial feeding damage by 
chewing insects (SFD), deep feeding damage (DFD), sooty mould, thrips damage (warts) and 
presence of cabbage fly larvae or mines. For the last parameter, sprouts were cut in half on the 
field. The different damage parameters are illustrated in figure 4.1. 
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Figure 4.1. Different damage-parameters on the Brussels sprouts (1: decay, 2: aphids, 3: superficial 
feeding damage, 4: deep feeding damage, 5: sooty mould, 6: thrips damage, 7: cabbage fly). 
For each parameter, the percentage of damaged sprouts per plant could be calculated. As the 
data were bivariate (0 or 1), Fisher’s exact test (pair wise comparisons) or Pearson’s chi 
square test (multiple comparisons) were used for the statistical analysis (p = 0.05) (SPSS Inc., 
2006). 
4.3 Results  
4.3.1 Impact of the flower strip 
4.3.1.1 Cabbage moth (Mamestra brassicae)  
Larvae of the cabbage moth were found in the FS-field starting from 22/07/08, 10/06/08 and 
24/06/08 in Beitem, Kruishoutem and SKW, respectively. In the CO-field, they were found 
starting from 01/07/08, 08/07/08 and 05/08/08, respectively (Figures 4.2 to 4.4). Table 4.2 
presents an overview of the parasitism and mortality rates and the mean number of larvae 
found at the three locations (Beitem, Kruishoutem and SKW) for both fields (FS and CO). 
Statistical analysis showed a significant interaction in the number of larvae between location 
and field (p ≤ 0.005). The number of larvae found was only significantly different among 
locations in the CO-fields, with the highest abundance in Beitem (p < 0.001 for both 
locations).  
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Parasitism and mortality rates on the other hand, did not significantly differ among locations 
for both fields (parasitism and mortality: p = 1.000). The main parasitoid found was M. 
mediator (77.26%). 
The impact of a flower strip on the abundance of larvae of the cabbage moth differs among 
locations. In Beitem and Kruishoutem, the abundance of larvae was significantly higher in the 
CO-field compared with the FS-field (p < 0.001 for both locations), whereas in SKW the 
contrary was found (p < 0.001). No differences in parasitism and mortality rates were found 
between the fields at all locations (parasitism and mortality: p = 1.000). Similar results were 
found for the abundance of larvae when comparing the two fields (FS and CO) per distance 
(Figures 4.5, 4.7 and 4.9). At each distance, there was a significant interaction between 
location and field (1m: p = 0.019; 5 m: p = 0.001; 10m: p = 0.006). In Beitem, significantly 
more larvae were found at each distance (1, 5 and 10 m) from the field edge (CO) compared 
with each distance from the flower strip. In Kruishoutem, larvae of the cabbage moth were 
significantly more abundant at 1 and 10 m from the field edge (CO) compared with 1 and 10 
m from the flower strip. In SKW, on the contrary, significantly more larvae were found at 1 
and 10 m from the flower strip compared with 1 and 10 m from the field edge (CO). Figures 
4.6, 4.8 and 4.10 depict the differences in parasitism rate at each distance between the two 
fields (FS and CO) for all locations (Beitem, Kruishoutem and SKW). Because individuals 
were not found at certain weeks at certain locations (SKW), parasitism rates could not be 
compared statistically between the fields at each distance for all the locations. No differences 
were found in mortality rate at each distance between the two fields for all locations.  
The distance to the flower strip had only a significant impact on the abundance of the larvae 
of the cabbage moth. However, as can be seen from figures 4.5, 4.7 and 4.9, this impact was 
not unambiguous among locations. The statistical analysis confirmed a significant interaction 
between location and distance to the flower strip (p ≤ 0.005). 
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Figure 4.2. Number of larvae of the cabbage moth, M. brassicae, (mean ± SE) at two fields (FS and CO) in 
Beitem from 03/06/08 to 28/10/08. 
 
 
Figure 4.3. Number of larvae of the cabbage moth, M. brassicae, (mean ± SE) at two fields (FS and CO) in 
Kruishoutem from 03/06/08 to 28/10/08. 
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Figure 4.4. Number of larvae of the cabbage moth, M. brassicae, (mean ± SE) at two fields (FS and CO) in 
SKW from 03/06/08 to 28/10/08. 
 
Table 4.2. Impact of the flower strip (FS versus CO) on the mean number of larvae found, parasitism and 
mortality rate of the cabbage moth, M. brassicae, in three areas in Flanders (Beitem, Kruishoutem and 
SKW) during the monitoring period 03/06/08-21/10/08 
Field Location No. of larvaea nb 
Parasitism rate 
(%)d 
nc Mortality rate (%)d 
FS 
Beitem 0.40 ± 0.18a* 20 30.00 ± 10.51 104 66.35 ± 6.25 
Kruishoutem 0.29 ± 0.07a* 24 45.83 ± 9.94 74 51.14 ± 7.20 
SKW 0.28 ± 0.16a* 6 50.00 ± 22.36 25 67.65 ± 11.30 
CO 
Beitem 2.11 ± 0.70a 61 42.35 ± 6.19 100 57.80 ± 4.22 
Kruishoutem 0.89 ± 0.29b 22 54.55 ± 10.87 52 64.07 ± 6.34 
SKW 0.09 ± 0.05c 4 0.00 12 67.78 ± 13.78 
a
: mean ± SE; means within a column and field followed by the same letter are not significantly different 
(Wald test, p > 0.05, Bonferroni correction); means within a column and location followed by an asterisk 
are significantly different (Wald test, p < 0.05, Bonferroni correction)  
b
: 
 
number of replicates with M. brassicae larvae used for calculation of the parasitism rate  
c
: 
 
number of replicates with M. brassicae larvae used for calculation of the mortality rate  
d
: mean % ± SE; means within a column and field are not significantly different (Wald test, p > 0.05, 
Bonferroni correction); means within a column and location are not significantly different (Wald test, p > 
0.05, Bonferroni correction)  
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Figure 4.5. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the presence of larvae 
of the cabbage moth, M. brassicae, (mean ± SE), in Beitem. Bars within a distance with an asterisk are 
significantly different (Wald test, p < 0.05, Bonferroni correction). Bars within the FS-field with a 
different letter are significantly different (Wald test, p < 0.05, Bonferroni correction). 
 
 
 
Figure 4.6. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the parasitism rate 
(mean % ± SE) of larvae of the cabbage moth, M. brassicae, in Beitem.  
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Figure 4.7. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the presence of larvae 
of the cabbage moth, M. brassicae, (mean ± SE) in Kruishoutem. Bars within a distance with an asterisk 
are significantly different (Wald test, p < 0.05, Bonferroni correction). Bars within the FS-field with a 
different letter are significantly different (Wald test, p < 0.05, Bonferroni correction). 
 
 
 
Figure 4.8. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the parasitism rate 
(mean % ± SE) of larvae of the cabbage moth, M. brassicae, in Kruishoutem.  
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Figure 4.9. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the presence of larvae 
of the cabbage moth, M. brassicae, (mean ± SE) in SKW. Bars within a distance with an asterisk are 
significantly different (Wald test, p < 0.05, Bonferroni correction). Bars within the FS-field with a 
different letter are significantly different (Wald test, p < 0.05, Bonferroni correction). 
 
 
Figure 4.10. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the parasitism rate 
(mean % ± SE) of larvae of the cabbage moth, M. brassicae, in SKW.  
4.3.1.2 Diamondback moth (Plutella xylostella) 
As can be seen in figures 4.11 to 4.13, larvae and pupae of the diamondback moth were 
mainly found in July. They appeared at all locations starting from 17/06/08 and 24/06/08 in 
the FS- and CO-fields, respectively. In Kruishoutem, they were found significantly more 
compared with Beitem and SKW, irrespective of the field (p < 0.001).  
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Further, irrespective of the field, parasitism and mortality rate did not differ among locations 
(p ≥ 0.422 and p ≥ 0.127, respectively) (Table 4.3); parasitism was mainly due to Diadegma 
semiclausum (Hellén) (95.39%).  
Analysis of the impact of the flower strip revealed a significantly higher abundance of larvae 
and pupae of the diamondback moth in the FS-field compared with the CO-field at all 
locations (p < 0.001). When comparing the two fields at each distance (1, 5 and 10 m), more 
larvae and pupae were found at 1 and 10 m from the flower strip (FS) compared to 1 and 10 m 
from the field edge (CO) for all locations (1 m: p < 0.001; 10 m: p = 0.031). At 5 m distance, 
no significant differences were found (p = 0.128) (Figures 4.14, 4.16 and 4.18). The 
parasitism rate, however, did not significantly differ between the two fields (FS and CO) at all 
locations (p = 0.894). Further, no differences were found when comparing parasitism rate at 
each distance (1 m: p = 0.749; 5 m: p = 0.938; 10 m: p = 0.935) (Figures 4.15, 4.17 and 4.19). 
Table 4.3 shows that the mortality rate, irrespective of the location, was significantly higher in 
the CO-field compared with the FS-field (p = 0.010). Per distance, irrespective of the location, 
a higher mortality rate was found at 5 m from the flower strip compared with 5 m from the 
field edge (p = 0.003). 
Statistical analysis indicated a significant interaction between location and distance to the 
flower strip (p ≤ 0.020). The impact of the distance to the flower strip on the abundance of 
larvae and pupae was only significant in Beitem and SKW. Larvae and pupae in Beitem were 
found more often at 1 m from the flower strip compared with all other distances (5 m: p = 
0.003; 10 m: p = 0.002; 20 m: p = 0.002; 30 m: p = 0.001; 40 m: p = 0.003) (Figure 4.14). In 
SKW, however, the number of larvae and pupae was only significantly higher at 5 m 
compared with 10 m from the flower strip (p = 0.034) (Figure 4.18). Further, irrespective of 
the locations, parasitism and mortality rate were not influenced by the distance to the flower 
strip (parasitism rate [Figures 4.15, 4.17 and 4.19]: p ≥ 0.587; mortality rate: p ≥ 0.096). 
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Figure 4.11. Number of larvae of the diamondback moth, P. xylostella, (mean ± SE) at two fields (FS and 
CO) in Beitem from 03/06/08 to 28/10/08. 
 
 
Figure 4.12. Number of larvae of the diamondback moth, P. xylostella, (mean ± SE) at two fields (FS and 
CO) in Kruishoutem from 03/06/08 to 28/10/08. 
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Figure 4.13. Number of larvae of the diamondback moth, P. xylostella, (mean ± SE) at two fields (FS and 
CO) in SKW from 03/06/08 to 28/10/08. 
 
Table 4.3. Impact of the flower strip (FS versus CO) on the mean number of larvae found per replicate, 
parasitism rate and mortality rate of diamondback moth in three areas in Flanders (Beitem, Kruishoutem 
and SKW) during the monitoring period 03/06/08-21/10/08 
Field Location No. of larvaea nb Parasitism rate (%)d nc Mortality rate (%)d 
FS 
Beitem 0.23 ± 0.04a* 42 88.69 ± 4.25 45 15.19 ± 4.35* 
Kruishoutem 0.51 ± 0.08b* 71 77.77 ± 4.11 75 15.67 ± 3.36* 
SKW 0.23 ± 0.04a* 30 65.00 ± 7.20 42 32.06 ± 6.97* 
CO 
Beitem 0.09 ± 0.02a 19 73.68 ± 10.38 27 31.48 ± 8.91 
Kruishoutem 0.33 ± 0.05b 41 84.45 ± 4.54 54 34.91 ± 5.78 
SKW 0.09 ± 0.02a 15 75.56 ± 9.88 25 40.00 ± 10.00 
a
: mean ± SE; means within a column and field followed by the same letter are not significantly different 
(Wald test, p > 0.05, Bonferroni correction); means within a column and location followed by an asterisk 
are significantly different ( Wald test, p < 0.05, Bonferroni correction)  
b
:
 
number of replicates with P. xylostella larvae used for calculation of the parasitism rate 
c
:
 
number of replicates with P. xylostella larvae used for calculation of the mortality rate  
d
: mean % ± SE; means within a column and field were not significantly different (Wald test, p > 0.05, 
Bonferroni correction); means within a column and location followed by an asterisk are significantly 
different (Wald test, p < 0.05, Bonferroni correction)  
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Figure 4.14. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the presence of the 
larvae of the diamondback moth, P. xylostella, (mean ± SE) in Beitem. Bars within a distance with an 
asterisk are significantly different ( Wald test, p < 0.05, Bonferroni correction). Bars within the FS-field 
with a different letter are significantly different (Wald test, p < 0.05, Bonferroni correction). 
 
 
Figure 4.15. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the parasitism rate 
(mean % ± SE) of the larvae of the diamondback moth, P. xylostella, in Beitem. No differences among 
distances (FS-field) and between fields (FS and CO) were found (Wald test, p > 0.05, Bonferroni 
correction). 
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Figure 4.16. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the presence of the 
larvae of the diamondback moth, P. xylostella, (mean ± SE) in Kruishoutem. Bars within a distance with 
an asterisk are significantly different (Wald test, p < 0.05, Bonferroni correction). Bars within the FS-field 
are not significantly different (Wald test, p > 0.05, Bonferroni correction). 
 
 
Figure 4.17. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the parasitism rate 
(mean % ± SE) of the larvae of the diamondback moth, P. xylostella, in Kruishoutem. No differences 
among distances (FS-field) and between fields (FS and CO) were found (Wald test, p > 0.05, Bonferroni 
correction). 
0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9
1
1 5 10 20 30 40
N
o
. o
f 
la
rv
ae
 /
 s
am
p
le
 
distance (m) 
FS
CO
* 
* 
0
10
20
30
40
50
60
70
80
90
100
1 5 10 20 30 40
p
ar
as
it
is
m
 (
%
) 
distance (m) 
FS
CO
 _________________________________________________________ Impact of flower strips 
99 
 
 
Figure 4.18. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the presence of the 
larvae of the diamondback moth, P. xylostella, (mean ± SE) in SKW. Bars within a distance with an 
asterisk are significantly different (Wald test, p < 0.05, Bonferroni correction). Bars within the FS-field 
with a different letter are significantly different (Wald test, p < 0.05, Bonferroni correction). 
 
 
Figure 4.19. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the parasitism rate 
(mean % ± SE) of the larvae of the diamondback moth, P. xylostella, in SKW. No differences among 
distances (FS-field) and between fields (FS and CO) were found (Wald test, p > 0.05, Bonferroni 
correction). 
4.3.1.3 Cabbage aphid (Brevicoryne brassicae) 
Cabbage aphids were found during the whole sampling season and were mainly parasitized by 
Diaeretiella rapae (M’Intosh) (62.43%). From 3 to 24 June the abundance of cabbage aphids 
was relatively low, so all aphids could be counted.  
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During this period, a significant interaction was found in the number of aphids between 
location and field (p < 0.001). An overview of the differences in the number of aphids and the 
parasitism rate between locations and fields is given in table 4.4. The number of aphids found 
in both field types (FS and CO) was significantly different among sampling locations, with a 
higher abundance in SKW compared to Beitem and Kruishoutem (p < 0.001 for both fields 
and locations). Parasitism rate, on the other hand, was not significantly different among 
locations, irrespective of the fields (p ≥ 0.522). When comparing the cabbage aphid 
abundance between the two fields, only in Beitem and Kruishoutem significant differences 
were found, with a higher aphid abundance in the CO-field compared to the FS-field (Beitem: 
p < 0.001; Kruishoutem: p = 0.008). During this period, the distance to the flower strip had 
only a significant impact on the abundance of the cabbage aphid in Beitem and SKW. In 
Beitem, aphids were more abundant at 30 m from the flower strip compared with all other 
distances (Figure 4.20). In SKW, significantly more aphids were found at the last three 
distances from the flower strip (20, 30 and 40 m) compared with the first three distances (1, 5 
and 10 m) (Figure 4.21). Due to the low parasitism rate in Kruishoutem and Beitem in the FS-
field, influence of the distance to the flower strip on parasitism could only be analysed in 
SKW, where no differences were found in parasitism rate among distances (p ≥ 0,139). 
Because of the larger cabbage aphid colonies in July (1/07/08 and 8/07/08), colonies of 
aphids were assessed by extrapolation (section 3.2.2) and divided into classes (0 to 6). There 
was a significant interaction in the total number of colonies between location and field (p ≤ 
0.008). Similar to the results of June, aphid colonies were more abundant in SKW compared 
to Beitem and Kruishoutem in both field types (FS-field: p < 0.001; CO-field: p = 0.013). 
Further, in the FS-field, significantly fewer colonies were found in Beitem compared with 
Kruishoutem (p = 0.014). The impact of the flower strip on the total number of aphid colonies 
was only significantly different in Beitem and SKW. In Beitem, significantly more colonies 
were found in the CO-field compared with the FS-field (p = 0.003), whereas in SKW the 
contrary was found (p < 0.001) (Table 4.5). Further, irrespective of the field, significant 
differences were found in the relative distribution of aphid colonies between Beitem and 
Kruishoutem (p < 0.001) and between SKW and Kruishoutem (p < 0.001), with a higher 
probability of finding more colonies in the higher four classes (3, 4, 5 and 6), i.e. larger aphid 
colonies, in the fields of Beitem and SKW compared to Kruishoutem. Analysis of the 
parasitism rate revealed a significantly higher rate in Kruishoutem and SKW in comparison 
with Beitem, irrespective of the field (p < 0.001) (Table 4.5). 
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The impact of the distance to the flower strip on the distribution of aphid colonies among 
classes was only significant in SKW, with a higher probability of finding more aphid colonies 
in the higher four classes (3, 4, 5 and 6), i.e. larger aphid colonies, at 20 m from the flower 
strip compared with the other distances (1 m: p = 0.010, 5 m: p < 0.001; 10 m: p = 0.002, 30 
m: p = 0.012, 40 m: p = 0.041). Due to the low parasitism rate in Beitem, the influence of the 
distance to the flower strip on parasitism could not be analysed statistically. However, in 
Kruishoutem and SKW no significant impact of the distance to the flower strip was found 
(Kruishoutem: p ≥ 0.273; SKW: p = 1.000). 
As a result of the high cabbage aphid infestation, from 22/07/08 onwards, the number of 
cabbage aphid infested leaves was monitored. A significant interaction was found between 
location and field (p < 0.001). As can be seen from figure 4.22, the number of infested leaves 
significantly differed among locations in both fields (FS: p < 0.001; CO: p ≤ 0.013), with the 
highest infestations in SKW and the lowest in Kruishoutem. The presence of a flower strip 
only had a significant impact in Beitem (p < 0.001), where significantly fewer cabbage aphid 
infested leaves were observed in the FS-field compared with the CO-field. Further, a 
significant effect of the distance to the flower strip was only observed in Beitem, where the 
highest aphid infestations occurred at the last three distances in the FS-field (20, 30 and 40 m) 
(Figure 4.23). 
Table 4.4. Impact of the flower strip (FS versus CO) on the mean number and parasitism rate of cabbage 
aphids found in three areas in Flanders (Beitem, Kruishoutem and SKW) during the monitoring period 
03/06/08-24/06/08 
Field Location No. of aphidsa nb Parasitism rate (%)a 
FS 
Beitem 0.15 ± 0.06a* 7 14.29 ± 14.29a* 
Kruishoutem 0.03 ± 0.02a* 2 0.00a* 
SKW 41.96 ± 11.39b 66 16.76 ± 3.85a* 
CO 
Beitem 0.74 ± 0.66a 5 44.44 ± 23.04a 
Kruishoutem 0.35 ± 0.26a 4 31.25 ± 23.66a 
SKW 34.46 ± 10.22b 34 20.05 ± 4.68a 
a
: mean ± SE; means within a column and field followed by the same letter are not significantly different 
(Wald test, p > 0.05, Bonferroni correction); means within a column and location followed by an asterisk 
are significantly different (Wald test,  p < 0.05, Bonferroni correction) 
b
:
 
number of replicates with aphid colonies used for calculation of the parasitism rate  
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Figure 4.20. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the presence of 
cabbage aphids, B. brassicae, (mean ± SE) in Beitem during the monitoring period 03/06/08-24/06/08. Bars 
within a distance are not significantly different (Wald test, p > 0.05, Bonferroni correction). Bars within 
the FS-field with a different letter are significantly different (Wald test, p < 0.05, Bonferroni correction). 
 
 
 
Figure 4.21. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the presence of 
cabbage aphids, B. brassicae, (mean ± SE) in SKW during the monitoring period 03/06/08-24/06/08. Bars 
within a distance are not significantly different (Wald test, p > 0.05, Bonferroni correction). Bars within 
the FS-field with a different letter are significantly different (Wald test, p < 0.05, Bonferroni correction).
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Table 4.5. Impact of the flower strip (FS versus CO) on the number of cabbage aphid colonies per class (mean ± SE), the total number of aphid colonies and the 
parasitism rate of cabbage aphids found in three areas in Flanders (Beitem, Kruishoutem and SKW) during the monitoring period 01/07/08-08/07/08 
Field Location No. of aphid colonies/class 
Total no. of 
aphid 
coloniesa 
Parasitism rate 
(%)b 
  0 1 2 3 4 5 6   
FS 
Beitem 0.15 ± 0.06 0.10 ± 0.05 0.06 ± 0.05 0.04 ± 0.03 0.04 ± 0.04 0.00 ± 0.00 0.00 ± 0.00 0.40 ± 0.11a* 4.73 ± 2.42a 
Kruishoutem 1.02 ± 0.26 0.13 ± 0.07 0.06 ± 0.05 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 1.21 ± 0.27b 11.60 ± 2.32b 
SKW 7.96 ± 1.00 5.63 ± 0.70 1.50 ± 0.40 0.92 ± 0.29 0.63 ± 0.22 0.27 ± 0.13 0.38 ± 0.23 17.27 ± 1.89c* 11.68 ± 2.19b 
CO 
Beitem 0.46 ± 0.10 0.52 ± 0.10 0.23 ± 0.09 0.08 ± 0.05 0.04 ± 0.03 0.02 ± 0.02 0.04 ± 0.03 1.40 ± 0.26a 1.54 ± 0.68a 
Kruishoutem 1.02 ± 0.19 0.31 ± 0.09 0.06 ± 0.04 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 1.40 ± 0.23a 15.61 ± 2.89b 
SKW 1.81 ± 0.45 0.79 ± 0.39 0.25 ± 0.10 0.15 ± 0.09 0.10 ± 0.07 0.04 ± 0.03 0.00 ± 0.00 3.15 ± 0.95b 12.18 ± 2.96b 
a
: mean ± SE; means within a column and field followed by the same letter are not significantly different (Wald test, p > 0.05, Bonferroni correction); means within 
a column and location followed by an asterisk are significantly different (Wald test, p < 0.05, Bonferroni correction) 
b
: mean % ± SE; means within a column and field followed by the same letter are not significantly different (Wald test, p > 0.05, Bonferroni correction); means 
within a column and location are not significantly different (Wald test, p > 0.05, Bonferroni correction) 
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Figure 4.22. Influence of the flower strip (FS versus CO) on the number of cabbage aphid infested leaves 
(mean ± SE) found in three areas in Flanders (Beitem, Kruishoutem and SKW) during the monitoring 
period 22/07/08-28/10/08. Bars within a field (FS or CO) with a different letter are significantly different 
(Wald test, p < 0.05, Bonferroni correction). Bars within a location with an asterisk are significantly 
different (Wald test, p < 0.05, Bonferroni correction).  
 
 
Figure 4.23. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the number of 
cabbage aphid infested leaves (mean ± SE) in the FS-field of Beitem during the monitoring period 
22/07/08-28/10/08. Bars with a different letter are significantly different (Wald test, p < 0.05, Bonferroni 
correction). 
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4.3.1.4 Syrphidae as natural enemies of the cabbage aphid 
Eggs, larvae and pupae of syrphids were mainly found from July onwards with a peak around 
mid-July (Figures 4.24 to 4.26). The following species were recorded during the monitoring 
season at all locations: Episyrphus balteatus (Degeer) (Beitem: 91.49 ± 4.11%, Kruishoutem: 
83.33 ± 6.41% and SKW: 86.31 ± 3.11%) and Sphaerophoria scripta (L.) (Beitem: 5.32 ± 
3.13%, Kruishoutem: 13.64 ± 5.87% and SKW: 7.59 ± 2.47%).  
Further, Melanostoma mellinum (L.) was recorded in Beitem (2.13 ± 2.13%) and SKW (0.45 
± 0.45%), Syrphus ribesii (L.) in SKW (1.86 ± 1.86%), Eupeodes corrolae (Fabricius) in 
Beitem (1.06 ± 1.06%), E. luniger (Meigen) and E. lundbecki (Soot Ryen) in SKW (1.79 ± 
1.26%, 1.12 ± 0.92%, resp.) and Platycheirus scutatus (Meigen) in Kruishoutem (3.03 ± 
3.03%). A significant interaction was found in the number of syrphids between location and 
field (p < 0.001) and between location and distance to the flower strip (p < 0.001). As can be 
seen in table 4.6, most syrphids were found in SKW in both fields (p < 0.001 for both fields). 
The main syrphid parasitoid found was Diplazon laetatorius (Fabricius) (74.51 ± 3.95%). 
Parasitism  and mortality rate did not significantly differ among locations, irrespective of the 
field (parasitism: p ≥ 0.878; mortality: p ≥ 0.905).  
Significant differences between the fields were only found in Kruishoutem and SKW. In 
Kruishoutem significantly fewer syrphids (eggs, larvae and pupae) were found in the FS-field 
compared with the CO-field (p = 0.003). In SKW, on the other hand, significantly more 
syrphids were found in the FS-field compared with the CO-field (p < 0.001). More in detail, 
differences between the fields (FS versus CO) were only found to be significant at 1 m 
(Kruishoutem: p = 0.003; SKW: p = 0.002) and 10 m from the field edges (SKW: p =0.041) 
(figures 4.28 and 4.29). Further, irrespective of the location, parasitism and mortality rate did 
not significantly differ among the field types (FS and CO) (parasitism: p = 0.712; mortality: p 
= 1.000).  
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Influence of the distance to the flower strip on syrphid abundance (eggs, larvae and pupae) 
occurred only in Kruishoutem and SKW (figures 4.27, 4.28 and 4.29). In Kruishoutem, 
significantly more syrphids were observed at 10 m from the flower strip compared with 1 m 
(p = 0.033), whereas in SKW significantly more syrphids were counted at 10 and 40 m from 
the flower strip compared with 5 m from the strip (10m: p = 0.007; 40m: p = 0.030). Further, 
irrespective of the location, parasitism and mortality were not influenced by the distance to 
the flower strip (p =1.000).  
 
 
Figure 4.24. Number of aphidophagous syrphids (eggs, larvae and pupae; mean ± SE) at two fields (FS 
and CO) in Beitem from 03/06/08 to 28/10/08. 
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Figure 4.25. Number of aphidophagous syrphids (eggs, larvae and pupae; mean ± SE) at two fields (FS 
and CO) in Kruishoutem from 03/06/08 to 28/10/08. 
 
 
Figure 4.26. Number of aphidophagous syrphids (eggs, larvae and pupae; mean ± SE) at two fields (FS 
and CO) in SKW from 03/06/08 to 28/10/08. 
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Table 4.6. Impact of the flower strip (FS versus CO) on the mean number of syrphids (eggs, larvae and 
pupae) found on the plants and parasitism and mortality rate of the collected syrphids (eggs, larvae and 
pupae) from three areas in Flanders (Beitem, Kruishoutem and SKW) during the monitoring period 
03/06/08-21/10/08 
Field Location No. of larvaea nb Parasitism rate (%)d nc Mortality rate (%)d 
FS 
Beitem 0.45 ± 0.08a 39 30.34 ± 6.76 66 46.87 ± 5.82 
Kruishoutem 0.25 ± 0.05b* 18 22.22 ± 10.08 46 66.30 ± 6.60 
SKW 2.56 ± 0.26c* 70 30.52 ± 5.25 130 67.19 ± 3.57 
CO 
Beitem 0.36 ± 0.06a 26 38.46 ± 9.33 49 60.22 ± 6.28 
Kruishoutem 0.44 ± 0.07a 20 5.00 ± 5.00 60 73.68 ± 5.46 
SKW 1.63 ± 0.14b 70 16.43 ± 4.28 134 63.77 ± 3.54 
a
: mean ± SE; means within a column and field followed by the same letter are not significantly different 
(Wald test, p > 0.05, Bonferroni correction); means within a column and location followed by an asterisk 
are significantly different (Wald test, p < 0.05, Bonferroni correction)  
b
:
 
number of replicates with syrphids (eggs, larvae and pupae) used for calculation of the parasitism rate  
c
:
 
number of replicates with syrphids (eggs, larvae and pupae) used for calculation of the mortality rate  
d
: mean % ± SE; means within a column and field or within a column and location were not significantly 
different (Wald test, p > 0.05, Bonferroni correction)  
 
 
Figure 4.27. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the presence of 
syrphids (eggs, larvae and pupae; mean ± SE), in Beitem. No differences were found among distances (FS-
field) and between fields (FS and CO) (Wald test, p > 0.05, Bonferroni correction). 
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Figure 4.28. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the presence of 
syrphids (eggs, larvae and pupae; mean ± SE), in Kruishoutem. Bars within a distance with an asterisk 
are significantly different (Wald test, p < 0.05, Bonferroni correction). Bars within the FS-field with a 
different letter are significantly different (Wald test, p < 0.05, Bonferroni correction). 
 
 
Figure 4.29. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on the presence of 
syrphids (eggs, larvae and pupae; mean ± SE), in SKW. Bars within a distance with an asterisk are 
significantly different (Wald test, p < 0.05, Bonferroni correction). Bars within the FS-field with a 
different letter are significantly different (Wald test, p < 0.05, Bonferroni correction). 
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4.3.2 Pest regulation 
Damage parameters of both fields and all locations are given in table 4.7. The proportion of 
sprouts with decay and SFD were the highest in SKW for both fields (FS: decay: p < 0.001; 
SFD: p < 0.001; CO: decay: p = 0.033; SFD: p < 0.001), while the proportion of sprouts with 
sooty mould was the lowest in SKW for both fields (FS: p < 0.001; CO: p < 0.001). Further, 
the proportions of sprouts with aphids, thrips- and cabbage fly damage were the lowest in 
Beitem for both fields (FS: aphids: p < 0.001; thrips damage: p < 0.001; cabbage fly damage: 
p < 0.001; CO: aphids: p < 0.001; trips damage: p < 0.001). Deep feeding damage was the 
highest in SKW for the FS-field (p = 0.042), but the lowest in SKW for the CO-field (p = 
0.050). 
Differences in damage-parameters between the two fields (FS and CO) varied among 
locations. The numbers of sprouts with decay, aphids and cabbage fly damage were only 
significantly different in SKW. Sprouts with decay and cabbage fly damage were found more 
often in the FS-field compared with the CO-field (decay: p < 0.001; cabbage fly damage: p < 
0.001 ), whereas sprouts with aphids were found more in the CO-field (p < 0.001). Feeding 
damage (superficial and deep) was lower in the FS-field compared with the CO-field and this 
for all locations (Table 4.7). The amount of sprouts with sooty mould was significantly 
different between the two fields in Beitem and SKW, with a higher proportion of infected 
sprouts in the FS-field (Beitem: p = 0.005; SKW: p < 0.001). Thrips damage was significantly 
different between the two fields at all locations. In Beitem and SKW, significantly more 
sprouts were damaged by thrips in the FS-field compared with the CO-field, while in 
Kruishoutem the damage was higher in the CO-field (Beitem: p = 0.031; Kruishoutem: p < 
0.001; SKW: p < 0.001). 
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Table 4.7. Impact of the flower strip (FS versus CO) on several damage parameters (decay, aphid presence, superficial feeding damage [SFD], deep feeding damage 
[DFD], sooty mould, thrips damage, cabbage fly damage) of Brussels sprouts in three areas in Flanders (Beitem, Kruishoutem and SKW) at the end of the 
monitoring season 2008 
Field Location Decaya Aphidsa SFDa DFDa Sooty moulda Thrips damagea 
Cabbage fly 
damagea 
FS Beitem 4.58 ± 1.82a 52.92 ± 13.55a 24.17 ± 3.41a* 1.25 ± 0.72a* 97.92 ± 0.83a* 7.08 ± 2.73a* 0.00 
 Kruishoutem 2.50 ± 1.44a 86.67 ± 5.12b 15.00 ± 3.15a* 0.42 ± 0.42a* 89.17 ± 4.17a 27.50 ± 0.72b* 0.42 ± 0.42a 
 SKW 26.67 ± 2.20b* 77.08 ± 0.83c* 42.92 ± 2.53b* 2.08 ± 1.10a 66.25 ± 3.31b* 54.58 ± 2.32c* 10.42 ± 1.50b* 
CO Beitem 2.92 ± 1.10a 55.42 ± 12.34a 57.50 ± 1.91a 7.92 ± 4.41a 92.08 ± 1.67a 2.50 ± 1.91a 1.25 ± 1.25a 
 Kruishoutem 4.17 ± 1.10ab 89.17 ± 1.82b 27.50 ± 2.60b 5.42 ± 2.53a 94.17 ± 1.82a 45.83 ± 17.02b 2.92 ± 1.10a 
 SKW 7.92 ± 6.71b 93.75 ± 1.91b 59.17 ± 22.73a 2.92 ± 2.92a 37.92 ± 20.47b 10.00 ± 3.31c 1.67 ± 1.10a 
a
: mean ± SE; means within a column and field followed by a different letter are significantly different (Fisher exact test, p < 0.05); means within a column and 
location followed by an asterisk are significantly different (Fisher exact-test, p < 0.05) 
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The impact of the distance to the flower strip varied with location and damage parameter. In 
Beitem, only the proportion of sprouts with aphids was significantly different (p < 0.001), 
with a higher proportion of infected sprouts at 5 and 20 m of the flower strip (Figure 4.30). In 
Kruishoutem, not only the presence of aphids on sprouts, but also the infestation with sooty 
mould and thrips damage were influenced by the distance to the flower strip (aphids: p < 
0.001; sooty mould: p = 0.025; thrips: p = 0.003). Figure 4.31 gives an overview of the 
differences among the distances to the flower strip for the latter three damage parameters. In 
SKW, only SFD and infestation with sooty mould were influenced by the distance to the 
flower strip (SFD: p = 0.001; sooty mould: p = 0.017), with a higher proportion of each 
damage parameter at 40 m from the flower strip (Figure 4.32). 
 
 
Figure 4.30. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on aphid infection of 
the sprouts (mean% ± SE), in Beitem. Bars with a different letter are significantly different (Fisher’s exact 
test, p < 0.05). 
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Figure 4.31. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on aphid-, sooty mould 
infection and thrips damage of the sprouts (mean % ± SE), in Kruishoutem. Bars within a damage 
parameter with a different letter are significantly different (Fisher’s exact test, p < 0.05). 
 
Figure 4.32. Influence of the distance to the flower strip (1, 5, 10, 20, 30 and 40 m) on superficial feeding 
damage (SFD) and sooty mould infection of the sprouts (mean % ± SE), in SKW. Bars within a damage 
parameter with a different letter are significantly different (Fisher’s exact test, p < 0.05). 
4.4 Discussion 
This study was a part of a 3-year-monitoring campaign investigating the impact of a flower 
strip on the functional biodiversity in Brussels sprouts. Because of the similarity among the 
three studied years, results of only one year were shown. The findings clearly indicate that the 
impact of a flower strip on pest insects and their natural enemies in Brussels sprouts is not 
unambiguous.  
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Depending on the insect species and location different results were obtained. This is in 
accordance with the literature, indicating that the impact of a wildflower strip on pest control 
in cabbage indeed varies depending on the insect species, growing season and location.  
Data of field trials of Pfiffner et al. (2003, 2006) indicate a higher parasitism rate of 
caterpillars of M. brassicae in cabbage fields near wildflower strips. In further research of 
Pfiffner et al. (2009), on the other hand, larval densities of M. brassicae and parasitism rates 
of its eggs and larvae were not affected by a wildflower strip. In our study, we found 
significantly lower densities of larval M. brassicae in the FS-fields of Beitem and 
Kruishoutem, which may indicate a positive effect of the flower strip. However, in contrast to 
the former locations, in SKW more larvae were found in the FS-field. Parasitism rate, on the 
other hand, was not significantly different between the FS- and CO-fields, indicating that 
nectar availability is probably not a determining factor for field rates of parasitism of M. 
brassicae. This could be explained by the high abundance of cabbage aphids in the field from 
22 July onwards (section 4.3.1.3) and the fact that parasitoids like M. mediator can use 
honeydew as an energy source in the field (Wäckers and Steppuhn, 2003).   
The higher occurrence of P. xylostella larvae and pupae  in plots with a flower strip confirms 
the results of earlier research (Zhao et al., 1992; Bukovinszky et al., 2003), indicating an 
increased overall density of this species inside fields with diverse flowering margins. This is 
in contrast to other studies, which found no differences in plots neighboring patches of nectar 
plants (single species) and control plots (Lee and Heimpel, 2005; Winkler et al., 2010). This 
can be due to the use of different flower species, since herbivores are very often specific in 
the flowers they visit (Winkler et al., 2010). In the field margins of Bukovinszky et al. (2003), 
Sinapis alba (L.) was used, which is known to attract the diamondback moth. Further, the 
distance between the control and flower plots (35 or 67 m) in the experiment of Lee and 
Heimpel (2005) and Winkler et al. (2010) might have been too small to prevent dispersal 
among plots, as P. xylostella is quite vagile, quickly moving over distances of more than 100 
m (Schellhorn et al., 2008). The lower abundance of larvae and pupae in our CO-fields could 
also be a result of the presence of hedgerows around these fields. Hedgerows may slow down 
dispersal of P. xylostella and stimulate predation or parasitization (den Belder et al., 2006). 
Literature data on the impact of floral resources on parasitism rate of P. xylostella are 
contradictory. 
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Like in our research, several studies found that the presence of a flower strip containing only 
one plant species did not translate into enhanced parasitism rates (Lee and Heimpel, 2005, 
2008b; Lee et al., 2006; Winkler et al., 2010). This may be explained by the fact that 
Diadegma species might have exploited alternative food sources (e.g. honeydew) and sugar 
was not a strongly limiting factor (Lee et al., 2006; Winkler et al., 2010). As mentioned by 
Lee et al. (2006) and Lee and Heimpel (2008b), it is also possible that sugar-fed parasitoids 
may forage for hosts in distant host patches instead of in adjacent fields or that they dedicate 
more time to other activities such as grooming and resting instead of host searching. Pfiffner 
et al. (2003; 2006) found that larvae of the diamondback moth were more parasitized in a 
cabbage field without a flowering plant strip than in one with a flower strip. Lavandero et al. 
(2005), however, reported higher parasitism rates in a plot with a buckwheat margin. 
Results from field studies on the impact of a flower strip on the abundance of the cabbage 
aphid, B. brassicae, are contradictory. White et al. (1994; 1995) report significantly lower 
aphid abundance in plots adjacent to a Phacelia tanacetifolia (Bentham) strip compared to 
control plots without a strip. They assumed that these differences were a result of syrphid 
predation, as there were no differences in the number of aphid mummies between the 
treatment plots. van Rijn et al. (2006) found no differences in cabbage aphid densities 
between their experimental plots and explained this by the assumption that the natural 
enemies are less dependent on floral resources. Legrand et al. (2006), on the other hand, 
reported a variable impact on cabbage aphid abundance, depending  on the place, year, flower 
strip composition and the distance from the flower strip, which supports our findings. 
Similarly, literature reports on other crops revealed no unambiguous influence of the flower 
strip on aphid abundance. Hickman and Wratten (1996) found a variable impact of P. 
tanacetifolia strips on aphid abundance in winter wheat: the first year no differences were 
detected between the control and flower plot, whereas in the last weeks of the second 
monitoring season less aphids were found in the flower plot, probably because of the presence 
of hoverfly larvae. Flückiger and Schmidt (2006), on the other hand, found reduced aphid 
densities in winter wheat in the immediate vicinity of sown wildflower patches. Pascual-
Villalobos et al. (2006) found no differences in aphid abundance in lettuce plots with or 
without C. sativum or Chrysanthemum coronarium (L.). This was probably due to the fact that 
the latter authors had no separation between their treatment plots.  
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However, as B. brassicae is an aphid specialized on leaves and flower stems of Cruciferae and 
is particularly associated with brassica crops (Hughes, 1963), we may conclude that our 
flower strip, which contained no cruciferous plants, did not support populations of this aphid 
pest. On the other hand, a flower strip could serve as a source of pollen and nectar for natural 
enemies of aphids, which in turn, could migrate from the strip to the cabbage field and 
contribute to pest control. However, this could not be demonstrated for aphid parasitoids in 
our study as there was no clear evidences of elevated parasitism rates in the FS-fields. Other 
studies support our finding that the flower strip did not affect aphid parasitization (White et 
al., 1994; Hickman and Wratten, 1996). Given that the cabbage aphid was at all locations 
abundantly present, honeydew feeding by aphid parasitoids may have diminished the effect of 
floral resources, as honeydew feeding is reportedly more prevalent than nectar feeding at high 
aphid densities (Tylianakis et al., 2004; Volhardt et al., 2010).  
The higher abundance of syrphids (eggs, larvae and pupae) in the FS-field of SKW may 
confirm literature reports on the attractiveness of a flower strip for syrphids (Hickman and 
Wrattten, 1996; Colley and Luna, 2000; Pineda and Marcos-Garcia, 2008; Haenke et al., 
2009; Hogg et al., 2011). However, the high aphid abundance in this field may also have 
attracted hoverflies to this location, as gravid syrphids are known to be attracted to 
semiochemicals emitted by aphids or by the association aphid-host plant (Almohamad et al., 
2007) and to respond to aphid density (Gillespie et al., 2011). In Beitem, on the other hand, no 
significant differences were found between the experimental fields, whereas in Kruishoutem, 
a significantly higher proportion of syrphids was found in the CO-field. Our experiments do 
not reveal a clear impact of the flower strip on aphidophagous syrphids. This may be related 
to the high mobility and dispersal rate of syrphids (Salveter, 1998; Hondelmann and Poehling, 
2007; Gillespie et al., 2011), making it likely that they profit from the flower strip and 
subsequently migrate to both adjacent and distant fields. Not only the high mobility, but also 
the complex landscape in Flanders might affect the effect of a flower strip on syrphids. As 
stated by Haenke et al. (2009), the opportunistic resource use of syrphids together with their 
high mobility can make the effect of flower strips on syrphids in complex landscapes hardly 
visible.  
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Besides monitoring the impact of the flower strip on the presence of pest insects and their 
natural enemies, we also evaluated the impact of the flower strip on pest regulation. From 
these results, we can conclude that this impact also varied among the monitored damage-
parameters and locations. However, sprouts with feeding damage (superficial and deep) and 
sprouts affected with aphids were less abundant in the FS-fields of all locations compared 
with the CO-fields, which may indicate that the flower strip has a regulative impact on the 
aphids and caterpillars. Despite this, sprouts without damage did not occur. 
From the results of the present field study, we can conclude that the sole use of a multiple 
species flower strip without the application of insecticides cannot suppress the pest-complex 
in Brussels sprouts and keep the sprouts free from damage. Considering this finding together 
with the fact that sprouts are high-value crops with almost zero damage thresholds, it will be 
hard to convince Brussels sprouts growers to use a flower strip as a sole pest management 
strategy. However, as indicated by the research of Bostanian et al. (2004) in apple orchards, it 
requires several years to build up the population of natural enemies to an effective biocontrol 
force. Growing Brussels sprouts in a crop rotation scheme adjacent to a perennial flower strip 
may be more effective in controlling pest insects as natural enemies could build up their 
population in the perennial flower strip. Further research should clarify the impact of a flower 
strip in a crop rotation scheme. Further, as indicated by the review of Hooks et al. (2003), 
simple pest management strategies using a single control method, will not be sufficient to 
control the key pests in Brussels sprouts. More complex strategies are needed to suppress both 
generalist and specialist pests in Brussels sprouts. In this framework, a flower strip combined 
with the appropriate use of insecticides could offer a solution in the control of key pests in 
Brussels sprouts and further diminish the use of insecticides. For example, treating tray plants 
before planting with an insecticide, will give the young plants protection against pest insects 
during the first weeks after planting. Consequently, pest infestation will start later in the 
growing season when natural enemies are more abundantly present. In the meantime, the 
flower strip could attract natural enemies and give them the opportunity to build up their 
populations. When the effect of the insecticide has worn off and new pest infestations could 
occur, natural enemies may be sufficiently present in the flower strip and migrate to the crop 
to keep the pests below the damage threshold. Further, at the end of the growing season when 
natural enemies are less abundant or absent in the crop, an insecticide could be applied to 
clean the sprouts from the remaining pest insects.  
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Instead of using insecticides before planting, the use of horticultural fleece after planting 
could also protect the young Brussels sprouts plants against pest insects which build up there 
population in the beginning of the growing season, like the diamondback moth or cabbage 
aphid. In a later stage of crop development, the horticultural fleece could be removed and 
natural enemies migrating from an adjacent flower strip could keep arriving pest populations 
in check. However, further field research is necessary to investigate the effectiveness of these 
strategies to safeguard the sprouts from pest damage.  
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Chapter 5  
Susceptibility of the hoverfly Episyrphus balteatus  to selected insecticides 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Partly redrafted after: 
Moens, J., De Clercq, P. and Tirry, L. Side effects of pesticides on the larvae of the hoverfly 
Episyrphus balteatus in the laboratory. Phytoparasitica 39(1): 1-9.
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5.1 Introduction 
Aphids are among the most important pest insects of Brassica crops. The cabbage aphid, 
Brevicoryne brassicae (Homoptera: Aphididae), in particular causes serious yield loss in 
cabbage crops, not only because of the severe feeding damage (Bacci et al., 2009), but also 
because of the high population densities the aphid may reach on cabbage plants (Liu et al., 
1994; Costello and Altieri, 1995). 
Several natural enemies of the cabbage aphid are reported to occur in Brassica crops, which 
can play an important role in the suppression of the aphid population. Hoverflies (Diptera: 
Syrphidae) are among the most efficient aphid predators (Almohamad et al., 2007a).  
In Europe, the marmalade hoverfly, Episyrphus balteatus (Degeer), is the most abundant 
syrphid species and has a significant impact on populations of aphids in several economically 
important crops, including beans and carrots (Vanhaelen et al., 2002; Hautier et al., 2006). 
However, E. balteatus, along with other natural enemies, was not able to suppress the cabbage 
aphid in Brussels sprouts below the economical threshold (Chapter 3). Hence, the application 
of insecticides remains necessary to manage the cabbage aphid and other pest insects in 
Brassica crops. Some of the commonly used insecticides, including organophosphates, 
carbamates and pyrethroids are broad-spectrum toxicants, which may cause a variety of 
detrimental effects on natural enemies (Jansen, 1998; Haseeb et al., 2000b; Cabral et al., 
2008). These effects include both acute effects (mortality) and sub-lethal effects, such as 
changes in longevity, fecundity, egg viability and consumption rate. Moreover, the resulting 
reduction of natural enemy populations may lead to pest resurgence or secondary pest 
outbreaks (Youn et al., 2003).  
To minimize the use of broad-spectrum insecticides, scientists have been searching for new 
and safer insecticides (Rosell et al., 2008). Several of these novel insecticides, including 
avermectins, spinosyns, pyrazolines, neonicotinoids and insect growth regulators, have been 
registered for the use on Brassica crops and provide an adequate control of a variety of pest 
insects (Miles and Dutton, 2000; Cordero et al., 2007; Brück et al., 2009). A number of these 
insecticides are generally believed to be relatively safe to beneficial arthropods (Miles and 
Dutton, 2000; Rosell et al., 2008; Brück et al., 2009) and have therefore been recommended 
for use in Integrated Pest Management (IPM) programs.  
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However, several authors have questioned the selectivity of some of these compounds and 
have shown that they cause side-effects on a number of beneficial arthropods (Jansen, 2000; 
Cordero et al., 2007; Mandour, 2009). 
Therefore, a correct assessment of the side-effects of crop protection products and especially 
insecticides on beneficial insects is of uttermost importance for IPM programs. The majority 
of the studies on side effects are based on laboratory trials (Boller et al., 2005), which enable 
a relatively simple experimental design but may be insufficient to fully understand the 
interactions between the insecticides and beneficial arthropods in field conditions. On the 
other hand, field tests may yield more relevant information, but are difficult to design and 
implement, time consuming and may not always be conclusive given the impact of various 
biotic and abiotic factors (Jansen, 2010). As pointed out by Sterk et al. (1999), no single test 
method provides sufficient information to assess side effects of insecticides on beneficial 
organisms. As a consequence, a combination of tests including (extended) laboratory and 
(semi-)field studies need to be conducted in order to generate useful information on the side 
effects. 
Little is known about the toxicity of several of these novel insecticides to E. balteatus. 
Therefore, in this chapter the lethal and sub-lethal effects of selected insecticides (flonicamid, 
pirimicarb, pymetrozine, spinosad, spirotetramat and thiacloprid) on the larvae and pupae of 
the hoverfly are examined. Some of the tested insecticides (pirimicarb, pymetrozine, spinosad 
and spirotetramat) are registered in Belgium for use in Brassica crops, whereas others 
(thiacloprid and flonicamid) are registered for other crops but not for Brassica crops.  
The evaluation of the side effects of the selected insecticides on E. balteatus was performed in 
accordance with the IOBC standard (Hassan, 1992) and can be subdivided into two parts. 
First, lethal effects on preimaginal stages were assessed by exposing larvae and/or pupae 
(in)directly to the selected insecticides. Second, sub-lethal effects were assessed by studying 
the reproductive performance of the adults emerging from these preimaginal stages. 
The findings will be useful for selecting safer insecticides within the framework of an IPM-
strategy to control the cabbage aphid in Brassica crops. 
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5.2 Materials and methods 
5.2.1 Mass rearing of E. balteatus 
A laboratory culture of E. balteatus was started with pupae collected in a cabbage field during 
the summer of 2008 in Sint-Katelijne-Waver, Belgium. The emerged adults were reared in 
Perspex cages (60×60×60 cm), with two fine nylon mesh sides and an opening (25×25 cm) in 
the front. This opening allowed access to the cage and was covered with a nylon gauze.  
The adult rearing cages were placed in an environmentally controlled chamber at 23 ± 2°C 
and 70 ± 20% relative humidity (RH) under neon light providing ca. 8000 lux with a 16 h 
light / 8 h dark photoperiod. In each cage, two plastic Petri dish lids (90 mm Ø and 15 mm h) 
were placed, containing bee-collected pollen and pieces of cotton wool soaked with honey-
water (20% honey in water). Both foods were offered ad libitum and replaced twice a week to 
avoid fungal contamination. 
Eight to 10 days after adult emergence, 10 to 15 cm high broad bean plants (Vicia faba (L.)) 
infested with pea aphids (Acyrthosiphon pisum (Harris)) were introduced in the cages as 
oviposition sites for the syrphids. Plants containing syrphid eggs were transferred to a new 
Perspex cage, where the eggs were allowed to hatch. The newly hatched larvae were able to 
feed on the aphids, which were available on the infested plants. New aphid-infested plants 
were supplied as a food source for the larvae as needed. For the experiment, broad bean plants 
were placed in an adult rearing cage for 4 h to obtain larvae of the same age. Newly emerged 
adults were transferred to new adult rearing cages. 
5.2.2 Insecticides 
The tested insecticides were formulated materials of flonicamid (Teppeki, 50% WG, ISK 
Biosciences Europe S.A.), pirimicarb (Pirimor, 50% WG, Syngenta Crop Protection N.V.), 
pymetrozine (Plenum, 50% WG, Syngenta Crop Protection N.V.), spinosad (Tracer, 480 g l
-1
 
SC, Dow Agrosciences B.V.), spirotetramat (Movento, 100 g l
-1
 SC, Bayer Cropscience N.V.) 
and thiacloprid (Calypso, 480 g l
-1
 SC, Bayer Cropscience N.V./S.A.). Pirimicarb was used as 
a toxic reference. They were all tested at a single dose, corresponding to their maximum 
recommended field rate, which was 80, 200, 200, 96, 75 and 96 g a.i. / ha, respectively and a 
spray volume of 500 l / ha.  
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5.2.3 Preimaginal mortality 
5.2.3.1 Exposure of larvae to dry residues on glass plates 
In this experiment, drum cells were used as the exposure unit for syrphid larvae to assess their 
preimaginal mortality. These cells consisted of two glass plates (90 mm Ø and 2 mm h) and a 
Plexiglas cylinder (90 mm Ø and 12 mm h) with eight ventilation holes (5 mm Ø) covered 
with nylon gauze to avoid escape of the larvae.  
The glass plates were treated with pesticides on one side by means of a Cornelis spray tower 
(1 bar pressure) (Van Laecke and Degheele 1993) and were left to dry. This resulted in a 
homogeneous spray coverage of 1.58 ± 0.06 mg aqueous insecticide deposit per cm². In the 
controls, the plates were sprayed with distilled water.  
Two hours after treatment, five 2-3 day old larvae were confined in each cage and offered pea 
aphids ad libitum. The drum cells were kept in an incubator at 23 ± 1°C, 60 ± 10% relative 
humidity (RH) and a 16 h light / 8 h dark photoperiod. Eight or ten cages were used for each 
tested product and for the water control, resulting in 40 or 50 larvae being tested for each 
product. Survival of the predator was monitored and dead aphid prey were replaced on a daily 
basis until pupation. Syrphid pupae that did not emerge after 9 days were considered dead.  
5.2.3.2 Exposure of larvae on plants 
In this extended laboratory trial broad bean (Vicia faba (L.)) plants infested with pea aphids 
were used as exposure unit. Bean plants were 15 to 20 cm high and planted separately in 
plastic pots (7.5 × 8.0 × 9.0 cm³). The soil surface was covered with a fine layer of sand to 
prevent the larvae from migrating into the potting soil. Three days before treatment, all leaves 
of each plant were infested with pea aphids (approximately 10 aphids per leaf) in order to 
provide an excess of food at the start of the experiment. On the day of the treatment, five one-
day old larvae were placed on each infested bean plant and allowed to settle for 1-2 h. 
Subsequently, the plants were treated with a fixed amount of insecticide solution (14.94 ± 
0.13 ml) using a 500 ml hand sprayer (Birchmeier Foxy Plus, Birchmeier Sprühtechnik AG, 
Swiss, 500 ml) resulting in a homogeneous spray coverage over the plant.  
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Two hours after treatment, the plants of each treatment were transferred to separate adult 
rearing cages in a climate chamber at 23 ± 2°C and 70 ± 20% RH under neon light providing 
ca. 8000 lux with a 16 h light / 8 h dark photoperiod. For each treatment, 60 larvae were 
exposed to insecticides, divided over 12 replicates (i.e. plants).  
Survival was monitored daily until pupation and new aphids were supplied as needed. 
Missing larvae and pupae that did not emerge after 9 days were considered dead. 
5.2.3.3 Exposure of pupae 
Third instar larvae derived from the laboratory culture were transferred to plastic cages (21 × 
15 × 5.5 cm³) furnished with paper toweling (20 larvae/cage). In these cages, larvae were 
allowed to feed on pea aphids to complete their development. One day after pupation, pupae 
were detached from the paper toweling, weighed and fixed on a piece of cardboard (4×4 cm²) 
with honey. Then, pupae were sprayed using a Cornelis spray tower and allowed to dry. In the 
control, pupae were sprayed with distilled water. After two hours, each piece of cardboard 
was placed in a Petri dish lid (90 mm Ø and 15 mm high). All lids of the same treatment 
group were transferred to an adult rearing cage. These cages were placed in a climate chamber 
under the same conditions as mentioned in 2.3.2. Pupae that did not emerge 9 days after 
treatment were considered dead.  
For each treatment, 42 (7×6 pupae/cardboard) or 50 (10×5 pupae/cardboard) pupae were 
exposed, divided over 7 or 10 replicates (Petri dish lids), respectively. 
5.2.3.4 Statistical analyses 
Larval and pupal mortality due to the (residual) action of the insecticide was calculated and 
preimaginal mortality computed by adding the pupal mortality to the larval mortality. 
Afterwards, mortalities were corrected for control mortality using the formula of Abbott 
(1925): 
  






c
t
n
n
M 1*100%
 
M = corrected mortality 
nt = number of surviving individuals in the treated plot 
 nc = number of surviving individuals in the control plot 
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Data of larval, pupal and preimaginal mortality were transformed by arcsine square root and 
analyzed with one-way analysis of variance (ANOVA). Means were separated using an LSD 
multiple range test (p = 0.05) or a Tamhane’s T2 test in case the variances were not 
homogeneous (p = 0.05). In cases where assumptions of normality were violated even after 
transformation, a non-parametric Kruskal-Wallis test followed by a Mann-Whitney U test was 
performed (SPSS Inc. 2006). 
5.2.4 Reproductive performance and reduction in beneficial capacity 
5.2.4.1 Reproductive performance 
Surviving pupae from the experiments described in sections 5.2.3.1, 5.2.3.2 and 5.2.3.3 were 
kept together according to their treatment and transferred to an adult rearing cage to allow 
emergence of adults. The reproductive performance of the surviving female syrphids was 
tested in adult rearing cages, which were held under conditions described in section 5.2.3.2. 
Sex was determined after emergence of the adults. Syrphids treated with the same insecticide 
were kept in the same cage. Each day survival of adults was checked per treatment and dead 
individuals were removed. After a pre-oviposition period of ca. 9 days, 6 pots containing two 
15-20 cm high aphid-infested broad bean plants were placed in each cage. These plants were 
replaced three times a week. For each treatment, the number of eggs present on the plants was 
counted and the mean number of eggs per female calculated. Afterwards, the eggs were 
collected by collecting the leaves bearing eggs. Egg-collecting was done 14 times over a 
period of 6 weeks. At every count, 90 eggs were collected and placed into plastic Petri dishes 
(90 mm Ø and 15 mm high) in order to assess the hatching rate. Eggs were kept for one week. 
Aphids were added daily to avoid egg cannibalism by hatched first instars. 
The mean number of eggs per female and hatching rate were used to calculate the mean 
number of viable eggs per female at each count. These were used to compute the reproductive 
ratio (R), which is defined as the mean number of viable eggs per female in the insecticide 
treatment divided by the mean number of viable eggs per female in the control group. 
5.2.4.2 Reduction in beneficial capacity 
The total effect of an insecticide on E. balteatus, i.e. considering its impact on both the 
development and reproduction of the syrphid, was assessed for each experiment (sections 
5.2.3.1, 5.2.3.2 and 5.2.3.3) by calculating the reduction in beneficial capacity using the 
formula of Overmeer and Vanzon (1982): 
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RM  )%100(%100  
M = corrected mortality 
R = reproductive ratio 
For the larval assay on glass plates (section 5.2.3.1) and the pupal assay (section 5.2.3.3), 
insecticides were categorized according to the IOBC classification for laboratory trials 
(Hassan, 1992): class 1: “harmless”: E < 30%; class 2: “slightly harmful”: 30% ≤ E< 80%; 
class 3: “moderately harmful”: 80% ≤ E ≤ 99% and class 4: “harmful”: E > 99%. For the 
larval assay on plants (section 5.2.3.2) the IOBC classification for extended laboratory trials 
was used (Sterk et al., 1999): class 1: “harmless”: E < 25%; class 2: “slightly harmful”: 25% ≤ 
E< 51%; class 3: “moderately harmful”: 51% ≤ E ≤ 75% and class 4: “harmful”: E > 75%. 
5.2.4.3 Statistical analysis 
For the statistical analysis of the reproductive parameters (mean number of eggs per female, 
hatching rate and mean number of viable eggs per female), the different assessments in time 
were seen as replicates. Further, the parameters were analyzed as mentioned for the 
preimaginal mortality (section 5.2.3.4). Before analysis, the data on egg hatch were 
transformed by arcsine square root.  
5.3 Results 
5.3.1 Preimaginal mortality 
5.3.1.1 Exposure of larvae to dry residues on glass plates 
As shown in figure 5.1, insecticide treatment affected survival of the syrphid larvae (F = 
34.195; df = 6, 51; p < 0.001). Both pirimicarb and spinosad had a detrimental impact on the 
larvae. Two days after exposure to pirimicarb residues, all larvae were killed. Exposure to 
spinosad residues resulted in a larval mortality of 67.5 ± 6.5%, which was significantly higher 
than the mortality in the control group (15.0 ± 5.0%). Exposure to residues of flonicamid and 
thiacloprid resulted in a total larval mortality of 12.5 ± 5.3% and 5.0 ± 3.3%, respectively, 
which was similar to that in the control group.  
The mortality of larvae exposed to residues of pymetrozine and spirotetramat (34.0 ± 6.0% 
and 20.0 ± 5.4%, respectively) did not differ significantly from that in the control group. 
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Mortality of pupae originating from the exposed larvae never exceeded 22.3% (Table 5.1), 
with no statistical differences among treatments (F = 1.666; df = 6, 51; p = 0.148). 
 
Figure 5.1. Percentage of larval mortality (means ± SE; days after treatment) of the hoverfly E. balteatus 
exposed to residues of flonicamid, pirimicarb, pymetrozine, spinosad, spirotetramat, thiacloprid and 
water (control) on glass plates; mortality was monitored until pupation. 
5.3.1.2 Exposure of larvae on plants 
As shown in figure 5.2, insecticide treatment significantly influenced larval survival (F = 
32.99; df = 4, 55; p < 0.001). Both pirimicarb en spinosad were highly toxic, resulting in 
100% larval mortality after two and four days, respectively. Exposure to spirotetramat and 
thiacloprid also had a detrimental impact on larval survival: larvae suffered 91.67 ± 2.97 and 
71.67 ± 5.75% mortality, respectively, which was significantly higher than that observed in 
the control (15.00 ± 5.00%). Larvae exposed to flonicamid and pymetrozine suffered 
significantly lower mortality than those exposed to the above mentioned insecticides (35.00 ± 
3.59 and 31.67 ± 6.72%, respectively), but had higher mortality rates than those in the control 
group. Further, exposure to flonicamid, thiacloprid and pymetrozine delayed the larval 
development as compared with the control.  
Mortality of the pupae originating from the exposed larvae significantly differed among the 
treatments (χ² = 10.041; df = 4; p = 0.040) (Figure 5.3). Pupal mortality caused by exposing 
larvae to thiacloprid and pymetrozine was significantly lower than in the control.  
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For pirimicarb and spinosad this could not be tested, as no larvae survived exposure to these 
insecticides. Pupal mortality caused by exposing larvae to flonicamid and spirotetramat was 
similar to that in the control. 
 
Figure 5.2. Percentage larval mortality (means ± SE; days after treatment) of the hoverfly E. balteatus as a 
result of exposing larvae to flonicamid, pirimicarb, spinosad, spirotetramat, thiacloprid, pymetrozine and 
water (control) on plants; mortality was monitored until pupation. 
 
 
Figure 5.3. Mortality (means% ± SE) of E. balteatus pupae as a result of exposing larvae to flonicamid, 
pymetrozine, spirotetramat, thiacloprid and water (control) on plants. Bars with the same letter are not 
significantly different (Kruskal-Wallis test followed by a Mann-Whitney U test, p > 0.05 ). 
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5.3.1.3 Exposure of pupae 
Mortality of E. balteatus pupae following exposure to the tested insecticides never exceeded 
16.47% (Figure 5.4), with no statistical differences between the treatments (F = 0.916; df = 5, 
42; p = 0.480).  
 
Figure 5.4. Mortality (means ± SE) of E. balteatus pupae exposed to flonicamid, pirimicarb, pymetrozine, 
spinosad, spirotetramat, thiacloprid and water (control). 
5.3.2 Reproductive performance and reduction in beneficial capacity 
5.3.2.1 Reproductive performance 
Exposure of larvae to dry residues on glass plates (Table 5.1: GP) 
When larvae survived exposure to spinosad residues and were left to pupate , only 5 out of 13 
resulting adults were still alive 9 days after emergence. Also, the surviving females were 
unable to lay eggs. For pirimicarb, the reproductive performance of adults could not be 
assessed as no larvae survived the treatment. For the remaining insecticides, the mean number 
of eggs, egg hatching rate and number of viable eggs were influenced by exposure of the 
larvae to residues of the different insecticides (F = 21.540; df = 4, 65; p < 0.001; F = 5.579; df 
= 4, 65; p = 0.001; F = 33.871; df = 4, 65; p < 0.001, respectively). The mean number of eggs 
laid by females of the flonicamid group was not significantly different from that of the control 
group but the mean hatching rate of their eggs was significantly lower. As a result, the mean 
number of viable eggs of females of the flonicamid group was significantly lower than that of 
the control group.  
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Because of the significantly lower egg laying capacity of the females, the mean number of 
viable eggs of females of the pymetrozine group was significantly lower than that of the 
control. The hatching rate did not significantly differ between the two groups. 
The reproductive performance of female adults originating from the spirotetramat group was 
significantly better than that of the control group. This was due to the significantly higher egg 
laying capacity of the females and the higher hatching rate of the eggs. As a result, the mean 
number of viable eggs laid by females of the spirotetramat group was significantly higher 
compared to that of the control group. For the thiacloprid group, the mean number of eggs and 
mean hatching rate were not significantly different from those of the control group. However, 
the mean number of viable eggs obtained from these females was significantly lower 
compared to the control group. 
Exposure of larvae on plants (Table 5.1: DLP) 
Because no larvae survived the pirimicarb and spinosad treatments, reproduction was not 
assessed. Adults derived from larvae exposed to spirotetramat died shortly after emergence.  
In the experiments with the remaining insecticides (flonicamid, pymetrozine, and thiacloprid), 
the mean number of eggs was not affected by treatment  (F = 2.22; df = 3, 52; p = 0.097), but 
egg hatch and the number of viable eggs were (F = 8.76; df = 3, 52; p < 0.001; F = 3.28; df = 
3, 52; p = 0.028, respectively). Thiacloprid significantly reduced the reproductive 
performance of E. balteatus after exposure in the larval stage. This was due to the 
significantly lower egg hatch, resulting in a significantly lower mean number of viable eggs. 
Unlike thiacloprid, flonicamid and pymetrozine did not negatively affect the reproductive 
parameters.  
Exposure of pupae (Table 5.1:DP) 
After exposure of pupae to spinosad, no adults survived long enough to start oviposition 
(preoviposition period: 9 days), so the reproductive performance could not be assessed. For 
the other insecticides, the mean number of eggs, egg hatch and number of viable eggs were 
significantly affected by treatment of the pupae (F = 7.21; df = 5, 78; p < 0.001; F = 4.94; df = 
5, 78; p = 0.001; F = 2.40; df = 5, 78; p = 0.044, respectively). 
 
 _______________ Susceptibility of the hoverfly Episyrphus balteatus to selected insecticides 
131 
 
Exposure to pirimicarb significantly reduced the reproductive performance of female E. 
balteatus emerging from treated pupae. Egg production was significantly higher than in the 
control group, whereas egg hatch was significantly lower, resulting in a significantly lower 
mean number of viable eggs in the pirimicarb treated group. The mean number of viable eggs 
in the pymetrozine group was also significantly lower than that in the control group. Like for 
pirimicarb, this was due to a significantly lower egg hatch. Flonicamid and thiacloprid both 
significantly reduced the mean number of eggs laid by females compared to the control, but 
egg hatch and mean number of viable eggs in those treatment groups were similar to the 
control group. Treatment of pupae with spirotetramat did not affect the reproductive 
performance of the emerging females. 
5.3.2.2 Reduction in beneficial capacity 
Based on the results of preimaginal mortality and reproductive performance, the reduction in 
beneficial capacity was calculated.  
Exposure of larvae to dry residues on glass plates (Table 5.1: GP) 
Despite the low mortality of the exposed larvae, flonicamid still caused a reduction in 
beneficial capacity of 64.1%; the compound can thus be classified in IOBC class 2: “slightly 
harmful”. This is mainly caused by the low reproductive performance of the female adults. 
Pymetrozine can also be classified as “slightly harmful”, not only because of the higher larval 
mortality, but also because the lower number of eggs laid by the females. Spinosad and 
pirimicarb can be classified in IOBC class 4: “harmful”, which is mainly due to the high 
mortality of larvae exposed to residues of these insecticides.  
Due to the lower reproductive performance, thiacloprid caused a reduction in beneficial 
capacity of 24.9%, allowing classification in IOBC class 1: “Harmless”. In contrast to 
flonicamid, pirimicarb, spinosad and thiacloprid, spirotetramat caused no reduction in 
beneficial capacity, implying that this insecticide also belongs to the IOBC class 1: 
“harmless”. 
Exposure of larvae on plants (Table 5.1: DLP) 
Pirimicarb, spinosad and spirotetramat all caused a 100% reduction in beneficial capacity, 
either due to the 100% larval mortality or to the reduced longevity of the emerging adults. 
Therefore, these insecticides were classified in IOBC class 4: “harmful”.  
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Thiacloprid was also classified as “harmful”, not only because of the high preimaginal 
mortality but also because of the low hatching rate of the eggs. Flonicamid and pymetrozin 
both caused a reduction in beneficial capacity below 25%, leading to a classification of the 
compound in IOBC class 1: “harmless”. 
Exposure of pupae (Table 5.1:DP) 
Spinosad caused 100% reduction in beneficial capacity by causing adult mortality before 
oviposition. Hence, this insecticide was classified in IOBC class 4: “harmful”. Due to their 
lower reproductive performance, adults emerging from pupae treated with flonicamid, 
pirimicarb and pymetrozin were all classified in IOBC class 2: “slightly harmful”. Both 
spirotetramat and thiacloprid caused a reduction in beneficial capacity by less than 30% and 
were thus categorized in IOBC class 1: harmless. 
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Table 5.1. Effects of insecticides on E. balteatus, tested according to three different experimental set-ups: exposure of larvae on glass plates (GP), direct exposure of 
larvae on plants (DLP) and direct exposure of pupae (DP). Preimaginal mortality, reproductive performance and final evaluation according to the IOBC standard. 
Test  Active ingredient  Preimaginal mortality  Reproductive performance
b 
 Final evaluation 
    larval mortality 
(%)
b 
pupal mortality 
(%) 
M
d 
 no. of 
eggs/female
 
egg hatch (%)
 
no. viable 
eggs/female 
 E (%)
e 
IOBC 
class
h 
GP
a 
 control  15.0±5.0ad
 
2.5±2.5a
c 
-  86.1±7.9a
 
48.7±3.4a
 
43.3±4.5a
 
 - - 
  flonicamid  12.5±5.3ad 0.0 -6.1  66.9±7.8b 25.6±5.5b 14.6±3.0b  64.1 2 
  pirimicarb  100.0 - 100.0  - - -  100.0 4 
  pymetrozine  34.0±6.7d 15.7±6.6a 34.6  42.0±4.5c 41.3±5.3a 15.0±1.5b  77,3 2 
  spinosad  67.5±6.5c 6.25±6.25a 63.6  0.0 - -  100.0 4 
  spirotetramat  20.0±5.4ad 6.7±4.5a 9.1  124.3±7.7d 54.1±3.9a 66.1±5.0c  -38.8 1 
  thiacloprid  5.0±3.3a 2.5±2.5a -12.1  66.9±4.0b 44.1±5.1a 29.0±3.6a  24.9 1 
DLP
f 
 control  15.0±5.0a 23.3±5.9a
c 
-  86.5±8.5a 55.4±4.5a
 
49.9±5.8a    
  flonicamid  35.0±3.6b 7.6±4.0ab 10.0  71.4±6.0a 63.1±3.0a 44.7±4.3a  19.3 1 
  pirimicarb  100.0 - 100.0  - - -  100.0 4 
  pymetrozine  31.7±6.7b 4.4±3.1b 2.5  73.5±9.4a 58.3±5.7a 47.3±6.6a  7.7 1 
  spinosad  100.0 - 100.0  - - -  100.0 4 
  spirotetramat  91.7±3.0c 20.0±20.0ab 92.5  - - -  100.0 4 
  thiacloprid  71.7±5.8d 9.1±9.1b 60.0  99.1±10.1a 28.7±5.5b 27.9±4.9b  77.7 4 
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DP
g 
 control  - 2.9±2.9a
b 
  109.6±6.6a 44.2±6.2a 47.3±7.1a    
  flonicamid  - 11.9±4.1a 10.2  77.9±7.9bd 42.5±5.7a 33.7±6.7ab  36.1 2 
  pirimicarb  - 10.6±5.9a 8.2  139.5 ±16.0c 25.2±3.9b 28.8±4.0b  44.1 2 
  pymetrozine  - 8.5±4.8a 2.0  96.7±8.6ab 26.4±5.0b 24.9±5.5b  48.5 2 
  spinosad  - 11.9±3.1a 10.1  - - -  100.0 4 
  spirotetramat  - 4.8±3.1a 2.8  94.6±8.5ab 49.4±3.1a 45.7±4.6a  6.2 1 
  thiacloprid  - 0.0 -2.0  55.5±9.8d 53.6±5.3a 33.9±6.4ab  26.9 1 
a
:
 
treatments were started with 40 or 50 larvae
 
b
:
 
means ± SE; means within a column followed by the same letter are not significantly different (ANOVA, p > 0.05, LSD or Tamhane’s T2 mean separation ) 
c
: means ± SE; means within a column followed by the same letter are not significantly different (Kruskal-Wallis test followed by a Mann-Whitney U test, p > 0.05 ) 
d
: preimaginal mortality corrected according to the formula of Abbott (1925) 
e
: reduction in beneficial capacity according to Overmeer and Vanzon (1982) 
f
: treatments were started with 60 larvae 
g
: treatments were started with 42 or 50 pupae 
h: for GP and DP: class 1: “harmless”: E < 30%; class 2: “slightly harmful”: 30% ≤ E< 80%; class 3: “moderately harmful”: 80% ≤ E ≤ 99% and class 4: 
“harmful”: E > 99%; for DLP: class 1: “harmless”: E < 25%; class 2: “slightly harmful”: 25% ≤ E< 51%; class 3: “moderately harmful”: 51% ≤ E ≤ 75% and class 
4: “harmful”: E > 75% 
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5.4 Discussion 
Like in many other studies, we found clear differences in susceptibility of E. balteatus to the 
insecticides tested and between the different types of experimental set-up (Banken and Stark, 
1998; Naranjo, 2001; Grafton-Cardwell and Gu, 2003; Suma et al., 2009). Overall, pirimicarb 
and spinosad were highly toxic, whereas the effect of flonicamid, pymetrozine, spirotetramat 
and thiacloprid varied depending on the experimental set-up. As stated by Jansen (2010), 
“worst-case” laboratory trials can lead to false negative or positive results and may thus 
produce a flawed risk assessment. This is for instance the case for systemic insecticides such 
as the neonicotinoids, keto-enols and aphid-feeding blockers as no systemic action is 
measured when these compounds are applied on glass plates. However, the present study has 
taken into account several routes of exposure: a worst-case laboratory situation, in which 
contact with insecticide residues (larvae on glass plates) and direct contact with insecticide 
spray (exposure of pupae) was examined, as well as a more extended laboratory test in which 
a combination of effects such as direct and indirect exposure to insecticides and/or uptake of 
contaminated food were examined within the same experiment. Therefore, this study may 
yield a more complete and realistic assessment of the non-target effects of the tested 
insecticides. 
The carbamate insecticide pirimicarb, an acetylcholinesterase inhibitor, has a contact, stomach 
and respiratory action and is mainly used as an aphicide (Tomlin, 1994). Despite the broad 
spectrum toxicity of carbamates, many authors have demonstrated the selectivity of 
pirimicarb to several life stages of predatory insects such as Anthicidae, Carabidae, 
Staphylinidae and Coccinellidae in laboratory and extended laboratory tests (Angeli et al., 
2005; Cabral et al., 2008; Jansen et al., 2008; Bacci et al., 2009; Cabral et al., 2011). 
However, laboratory as well as field studies have proven the high toxicity of pirimicarb to 
syrphid larvae (Niehoff and Poehling, 1995; Jansen, 1998, 2000; Colignon et al., 2003). 
Jansen (1998) also demonstrated that all larvae of E. balteatus died two days after exposure to 
residues of pirimicarb on glass plates. The difference in toxicity among predator larvae of 
different species can be due to a differential contact with the contaminated surface. The 
legless syrphid larvae maintain a closer contact with the substrate compared to the legged 
larvae of e.g. coccinellids and chrysopids, which mainly have tarsal contact. Direct exposure 
of the larvae to pirimicarb in the extended laboratory test confirmed the high toxicity of this 
compound for larvae of E. balteatus.  
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However, contrary to our results, Jansen et al. (2011) found that not all larvae died after 
residual exposure to pirimicarb, which may be related to the different experimental 
methodology. In addition to the direct toxic effect, we have demonstrated a reduced 
reproductive performance of adults originating from treated pupae. In contrast, Jansen et al. 
(2011) found no effect on the reproductive performance of E. balteatus adults when larvae 
were exposed to residues on bean plants.  
Spinosad is a mixture of metabolites (spinosyns A and D) produced by the actinomycete 
bacterium, Saccharopolyspora spinosa Mertz and Yao through fermentation. It is toxic by 
ingestion and contact and acts on the insect’s nervous system by altering the nicotinic receptor 
and by exhibiting activity at the GABA receptor, resulting in involuntary muscle contractions 
and paralysis of the insect (Salgado, 1998; Biondi et al., 2012a,b). This so called bio-
insecticide is used for the control of a variety of insect pests belonging to several orders 
including Lepidoptera, Thysanoptera and Diptera. The selectivity of spinosad towards 
predatory insects varies from harmless to harmful depending on the exposed life stage, 
exposure route and species (Elzen et al., 1998; Tillman and Mulrooney, 2000; Viñuela et al., 
2001; Elzen and James, 2002; Medina et al., 2001, 2003; Nasreen et al., 2003; Galvan et al., 
2005, 2006; Mahdian et al., 2007; Jalali et al., 2009; Arnó and Gabarra, 2011; Campos et al., 
2011; Biondi et al., 2012b). However, in order to determine the beneficial effect of syrphid 
larvae in organic lettuce, Smith et al. (2008) successfully used a spinosad based insecticide to 
suppress their populations. This agrees with our finding that the insecticide is highly toxic to 
both larval and pupal stages of E. balteatus. Like for pirimicarb, the high toxicity may also be 
a result of the more intense contact of the larval body with the insecticide residues.  
The neonicotinoid thiacloprid, a systemic compound with little contact action, is mainly used 
against piercing-sucking pests like aphids, leafhoppers and whiteflies. It acts as an agonist of 
the nicotinic acetylcholine receptor, hereby mimicking the action of acetylcholine, which 
results in excitation, paralysis and finally death of the insect (Elbert et al., 2002; Tomizawa 
and Casida, 2005; Ishaaya et al., 2007). Thiacloprid was highly toxic when directly applied to 
E. balteatus larvae in the extended laboratory test, but not when larvae were exposed to 
residues on glass plates. The higher toxicity in the extended laboratory test could be due to 
both the direct effect of the product and the effect of ingestion of contaminated food, given 
that the treated aphids lived for several days and thus were likely to be predated by the 
syrphid larvae.  
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This again indicates the importance of combining several experimental set-ups to assess side-
effects of insecticides. Thiacloprid has been shown to be toxic to predatory insects, including 
Orius laevigatus (Fieber) (nymphs), Chrysoperla externa (Hagen) (larvae and adults), 
Stethorus punctillum (Weise) (adults) and Adalia bipunctata (L.) (larvae) (Van de Veire and 
Tirry, 2003; Godoy et al., 2004; Gorzka and Olszak, 2010; Jansen, 2010). However, no 
mortality was reported by Van de Veire and Tirry (2003) when nymphs of the predatory mirid 
Macrolophus caliginosus (Wagner) were exposed to residues on glass plates. In the present 
study, the hatching rate of eggs produced by adults that were exposed to thiacloprid as larvae 
was substantially reduced, indicating that the insecticide not only causes direct lethal effects 
to exposed larvae, but also affects reproduction of surviving adults. Direct exposure of pupae, 
on the other hand, only resulted in a slightly reduced egg laying capacity. E. balteatus pupae 
could be less susceptible to thiacloprid than larvae due to a lesser penetration of the 
compound through the pupal integument. 
The tetramic acid derivate spirotetramat is an ambimobile and fully systemic insecticide 
active against sucking insects. It inhibits lipid biosynthesis resulting in decreased lipid 
content, growth inhibition in younger insects and reduced fecundity and fertility of adult 
insects. Further, this compound has been suggested to be compatible with beneficial 
arthropods (Nauen et al., 2008; Schnorbach et al., 2008). Residues of spirotetramat on glass 
plates caused no lethal or sub-lethal effects on E. balteatus larvae. Likewise, Shaw and Wallis 
(2010) noted that adults of the earwig Forficula auricularia (L.) were not affected when 
exposed to residues on leaf discs. In addition, Mansour et al. (2011) rated spirotetramat as 
“Harmless” (IOBC category 1) to the mealybug parasitoid Anagyrus sp. near pseudococci 
(Girault). Hall and Nguyen (2010), on the other hand, recorded a mortality of 58.5% and 
70.2%  for the eulophid Tamarixia radiata (Waterson) when exposed to residues of 
spirotetramat on leaf discs and when directly sprayed with the insecticide, respectively. 
Furthermore, spirotetramat had a detrimental effect on the viability of eggs, larvae and adults 
of the predatory mite Galendromus occidentalis (Nesbitt) (Lefebvre et al., 2011). Our study 
indicates a high toxicity of spirotetramat when larvae where exposed on plants, whereas no 
toxicity was found in treated pupae. This could be attributed to the systemic properties of this 
compound. 
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Flonicamid belongs to the pyridinecarboxamide group and is mainly used against aphids 
(Morita et al., 2007). It acts by blocking the A-type potassium channel with suppression of 
feeding and movement as a result (Xu et al., 2011).  
It has been shown to cause no detrimental effects on beneficial insects, including predators 
(Korr, 2007). In contrast, we observed sublethal effects on reproduction when E. balteatus 
larvae were exposed to residues on glass plates. Moreover, Jansen et al. (2011) reported lethal 
effects on first-instar A. bipunctata larvae exposed to residues on glass plates. Jalali et al. 
(2009), on the other hand, found no lethal effects when fourth-instar larvae and adults of A. 
bipunctata were exposed to residues on glass plates. Likewise, Cloyd and Dickinson (2006) 
and Cloyd et al. (2009) demonstrated that flonicamid was harmless to the coccinellid 
Cryptolaemus montrouzieri (Mulsant) and the staphylinid Atheta coriaria (Kraatz). 
Furthermore, exposure of E. balteatus larvae to flonicamid residues on plants and direct 
exposure of Orius laevigatus (Fieber) adults in a commercial pepper greenhouse revealed no 
lethal or sub-lethal effects (Jansen, 2011; Colomer, 2011), agreeing with the observed 
harmlessness of the compound in our experiment when larvae were exposed on plants. 
Pymetrozine belongs to a new class of aphicides, the azomethine pyridines, and has a unique 
mode of action, suppressing stylet penetration and interfering with the nerve regulation in the 
mouthparts resulting in death due to starvation (Harrewijn and Kayser, 1997; Sechser et al., 
2002; Torres et al., 2003). In the literature, pymetrozine has been reported to be selective 
towards beneficial arthropods (Sechser et al., 2002; Tedeschi et al., 2002; Torres et al., 2003; 
Acheampong and Stark, 2004; Medina et al., 2007; Walker et al., 2007; Cabral et al., 2008, 
2011; Jansen, 2010; Jansen et al., 2011). Nevertheless, several studies have demonstrated 
lethal and sub-lethal effects when beneficial insects were exposed to residues on glass plates 
(Van de Veire and Tirry, 2003; Van Driesche et al., 2008; Jansen et al., 2011) indicating that 
selectivity may vary depending on insect species and experimental technique. For E. 
balteatus, Hautier et al. (2006) reported no lethal effects when larvae were exposed to 
residues on glass plates, whereas Jansen et al. (2011) found low toxicity via residual contact 
of larvae on bean plants. Additionally, the latter study reported no effects of pymetrozine on 
the fertility of female E. balteatus (expressed as the number of viable eggs/female). Our study 
demonstrated no direct toxic effects on larvae or pupae. However, the hatching rate of eggs 
deposited by adults emerging from sprayed pupae was significantly reduced, indicating that 
pupae may be more susceptible to this compound than larvae.  
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The findings of the current study suggest that despite a slight toxicity to pupae of E. balteatus, 
flonicamid and pymetrozine may be compatible with E. balteatus. Further, spirotetramat and 
thiacloprid were harmful to larvae, but harmless to pupae and may therefore be applied when 
pupal populations in the field are abundant. Pirimicarb and spinosad proved both highly 
harmful to E. balteatus and it would therefore be warranted to test these compounds further 
under field conditions.   
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6.1 Introduction 
Cabbage crops in northwestern Europe are attacked by a variety of insect pests, including the 
cabbage moth, Mamestra brassicae (L.). Their larvae cause serious economic damage not 
only by defoliating the plant but also by contaminating it with large quantities of faecal matter 
(Pfiffner et al. 2009).  
Commonly, pests of Brassica crops have been controlled by the use of chemical insecticides. 
However, the undesirable side effects of chemical control together with the implementation of 
the EU directive 2009/128/EC, have shifted the focus to Integrated Pest Management (IPM) 
(Cartea et al., 2009a,b; Manyangarirwa et al., 2011; Simmons and Abd-Rabou, 2011). One of 
the central strategies within IPM is biological control, in which natural enemies of pest insects 
play a crucial role. Several parasitoids have been reported to attack M. brassicae in European 
cabbage crops. Among these parasitoids, Microplitis mediator (Haliday) (Hymenoptera: 
Braconidae) was reported to be the species with the highest constancy and abundance in 
central Europe (Turnock and Carl, 1995). Females of this solitary larval endoparasitoid attack 
the first three larval instars of M. brassicae. Mature parasitoid larvae emerge from third to 
fourth or exceptionally fifth instar host larvae, eventually resulting in the death of the host 
(Lauro et al., 2005). In this manner potential damage by the most destructive larval instars of 
M. brassicae (i.e. instars 5 and 6) can be prevented. During our two-year monitoring 
campaign in unsprayed Brussels sprouts in Flanders, Belgium, parasitism of M. brassicae 
caterpillars was almost exclusively by M. mediator and amounted up to 13% (Chapter 3 and 
Chapter 4). Similar results were reported during field research in unsprayed white cabbage 
(Brassica oleracea var. capitata) in Norway (Johansen, 1997b). Field research by Pfiffner et 
al. (2009) in white cabbage revealed parasitism rates between 45 and 75%. Although natural 
control exerted by M. mediator may be substantial, additional insecticide treatments remain 
necessary to control this and other key pests in Brassica crops. 
In the context of sustainable agriculture and the implementation of IPM systems (e.g. as laid 
out in Directive 2009/128/EC of the European Commission), the use of selective pesticides 
that are safe to beneficial organisms is becoming increasingly pivotal. Several pesticides, 
including avermectins, spinosyns, pyrazolines, neonicotinoids and a number of insect growth 
regulators, have been registered for use on Brassica crops to control a variety of pest insects 
(Miles and Dutton, 2000; Cordero et al., 2007; Brück et al., 2009).  
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However, some of these compounds may have adverse effects on beneficial insects (Jansen, 
2000; Cordero et al., 2007; Mandour, 2009; Jansen, 2011). Insight in the side effects of 
chemical pesticides on beneficial arthropods is therefore crucial. Assessment of a compound’s 
non-target effects should include both direct toxicity and sub-lethal effects on beneficial 
arthropods in terms of disruption of life span, development rate, fecundity and searching 
behavior (Desneux et al., 2007; Suma et al., 2009). 
The toxicity to M. mediator of spinosad and several novel aphicides registered for use in 
Brassica crops to control Brevicoryne brassicae and other aphid species remains unclear at 
this moment. Therefore, the present study examines the lethal (mortality) and sub-lethal 
(activity, parasitism and longevity) effects of selected insecticides (flonicamid, pirimicarb, 
pymetrozine, spinosad, spirotetramat and thiacloprid) on this parasitoid. Besides assessing 
effects on adult parasitoids, we also investigated the response of cocooned pupae of M. 
mediator to these pesticides. 
6.2 Materials and methods 
6.2.1 Mass rearing of M. mediator  
M. mediator was cultured using M. brassicae larvae as hosts. The caterpillars were taken from 
a stock culture at the Laboratory of Agrozoology of Ghent University, Belgium. The colony 
of the noctuid was started with caterpillars collected in a cabbage field during the summer of 
2008 in Beitem, Belgium. The caterpillars were reared on an artificial diet modified from 
Poitout et al. (1974). The laboratory colony of M. mediator was started from parasitoids that 
had emerged from cocoons collected in a cabbage field during the summer of 2009 in 
Kruishoutem, Belgium. The identity of M. mediator was confirmed by Dr. J.B. Whitfield 
(Department of Entomology, University of Illinois, Urbana, USA). For parasitization, four 1 
to 4 day old mated females of M. mediator were placed in a Petri dish (90 mm Ø and 15 mm 
high) containing twenty 3 to 4 day old (first instar) larvae of M. brassicae. After a 4 h 
exposure, host larvae were transferred to plastic larval rearing cages (9 cm Ø and 10 cm high) 
with vented lids and fed ad libitum on artificial diet until parasitoid cocoons were formed. 
One day old cocoons were removed and placed in 30×30×30 cm rearing cages (Bugdorm-1, 
MegaView Science Education Services Co., Taiwan). Each adult rearing cage contained a 
plastic cup (3 cm Ø) with pieces of cotton wool soaked with honey-water (20% honey in tap 
water). This cup was replaced twice a week to avoid fungal contamination.  
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Cultures of both M. brassicae and M. mediator were maintained at 23 ± 1°C, 60 ± 10% 
relative humidity (RH) and a 16 h light / 8 h dark photoperiod. 
6.2.2 Insecticides 
The tested insecticides were formulated materials of flonicamid (Teppeki, 50% WG, ISK 
Biosciences Europe S.A.), pirimicarb (Pirimor, 50% WG, Syngenta Crop Protection N.V.), 
pymetrozine (Plenum, 50% WG, Syngenta Crop Protection N.V.), spinosad (Tracer, 480 g l
-1
 
SC, Dow Agrosciences B.V.), spirotetramat (Movento, 100 g l
-1
 SC, Bayer Cropscience N.V.) 
and thiacloprid (Calypso, 480 g l
-1
 SC, Bayer Cropscience N.V./S.A.). Pirimicarb was used as 
a toxic reference. For each compound, fresh solutions in distilled water (500 l ha
-1
) were 
prepared at doses corresponding to the maximum recommended field rate, which was 80, 200, 
200, 96, 75 and 96 g a.i. ha
-1
, for the respective compounds. 
6.2.3 Toxicity effects on adult wasps and cocooned pupae 
To assess the effects of the selected compounds on adult M. mediator, one day old virgin 
wasps were exposed to dry residues of insecticides on glass plates (90 mm Ø). One side of 
each glass plate was directly sprayed with pesticide by means of a Cornelis spray tower (1 bar 
pressure) (Van Laecke and Degheele, 1993). In the control, glass plates were sprayed with 
distilled water. The spraying resulted in a homogeneous spray coverage of 1.58 ± 0.06 mg 
aqueous insecticide deposit per cm².  
The plates were left to dry for one hour, after which they were joined with a Plexiglas 
cylinder (90 mm Ø and 12 mm high) to form a drum cell. Each cylinder had seven holes (5 
mm Ø) covered with nylon gauze allowing ventilation. A plastic tube filled with cotton wool 
connected to a water reservoir and led through the cylinder served as a source of free water 
for the adult wasps. Then, one virgin female and male adult were confined together in a drum 
cell and offered a droplet of honey on the nylon gauze as food. Twelve drum cells were set up 
for each product and for the water control and were kept under the same conditions as 
mentioned in section 6.2.1. One day after exposure, the mortality of the parasitoids was 
recorded. Females surviving exposure after 24 h were placed into individual Petri dishes 
containing 20 first instars of M. brassicae and were allowed to oviposit for 4 h. During the 
first hour, the number of stings by the female parasitoids (i.e. parasitization activity) was 
recorded as an indication for the host handling behavior of the wasp.  
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After the 4 h exposure period, female wasps were returned to the treated drum cells and fed 
honey and water as described before. Honey and water were changed weekly. Survival of 
both female and male wasps was recorded daily and longevity was determined as an 
indication for the possible continuous impact of the insecticides. Each group of exposed 
caterpillars was placed together in larval rearing cages and reared as described in section 
6.2.1. Percentage of parasitism was calculated as the number of parasitoid cocoons formed 
divided by the number of host larvae exposed and multiplied by 100. 
For assessing effects on cocooned pupae, five 1 to 2 day old cocoons were stuck on a piece of 
cardboard (4 × 4 cm²) using honey-water (50% honey in tap water). The cardboards with 
cocoons were sprayed with the same concentration of each pesticide as in the adult assay. In 
the control, cardboards were sprayed with distilled water. After treatment, cardboards with 
cocoons were left to dry for 2 h and placed in individual Petri dishes (9 cm Ø) up to adult 
emergence. Petri dishes were kept under the same conditions as mentioned in 2.1. Parasitoids 
that had not emerged from cocoons after 14 days were considered dead. In each treatment and 
in the control, 30 or 40 cocoons were exposed to insecticides, divided over 6 or 8 replicates 
(i.e. Petri dishes). 
6.2.4 Statistical analysis 
Data of sub-lethal impacts (parasitization activity, parasitism percentage and male and female 
longevity) and percent mortality of cocooned pupae were analyzed with the Independent 
Samples T-test (p = 0.05). Each time, means were compared with the control group. 
Percentage data were transformed by arcsine square root before analysis (SPSS Inc. 2006). In 
addition, corrected mortality (M) according to Abbott’s formula (Abbott, 1925) and reduction 
in parasitism were calculated, whereafter each insecticide was evaluated for these two 
parameters according to the IOBC classification for laboratory trials (Hassan, 1992): class 1: 
“harmless”: effect < 30%; class 2: “slightly harmful”: 30% ≤ effect< 80%; class 3: 
“moderately harmful”: 80% ≤ effect ≤ 99% and class 4: “harmful”: effect > 99%.  
6.3 Results  
Mortality percentages of female M. mediator exposed to dry residues of the selected 
insecticides are presented in table 6.1. Only pirimicarb affected adult survival when applied 
on glass plates, causing 100% mortality after 24 h.  
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As a result, pirimicarb can be placed in IOBC class 4:“harmful”, whereas all the other 
compounds can be classified in IOBC class 1: “harmless”. There was no difference in 
susceptibility to the tested compounds between the sexes.   
One day after confinement, 41.67% of the adult wasps exposed to dry residues of spinosad 
were unable to right themselves. Therefore, activity and parasitism rate were only assessed for 
5 of the 12 adult females. As no adults survived exposure to residues of pirimicarb, the sub-
lethal effects of this compound could not be assessed. 
Except for spirotetramat, residues of all tested insecticides had a negative impact on the 
parasitization activity of the surviving females. Moreover, observations during the first hour 
of parasitization revealed that female wasps exposed to flonicamid and pymetrozine showed a 
staggered movement and were therefore unsuccessful in approaching and attacking their host. 
On the other hand, parasitism percentage was only significantly affected by pymetrozine, as 
compared to the control. Due to a reduction in parasitism of over 30%, flonicamid, 
pymetrozine and spinosad can be classified in IOBC class 2: “slightly harmful”. Spirotetramat 
and thiacloprid, on the other hand, both caused a reduction in parasitism below 25%, allowing 
classification in IOBC class 1: “harmless”. Male and female longevity were mainly affected 
by exposure to spinosad. Longevity of males in the control group was significantly shorter 
than that of females (t = 5.34, df = 104, p < 0.001) (Table 6.2).  
As can be seen from table 6.1, the impact of the different insecticides to cocooned pupae was 
relatively low, with no treatment yielding average mortality above 23%. As a result, all tested 
insecticides can be classified in IOBC class 1: “harmless” with respect to the mortality of 
cocooned pupae. However, cocooned pupae exposed to flonicamid and pymetrozine suffered 
significantly higher mortality compared with the control (t = -2.648, df = 42, p = 0.011; t = -
2.504, df = 42, p = 0.016; respectively). Developmental time of treated and control pupae 
ranged from 4.7 to 6.3 days and did not differ among treatments.  
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Table 6.1. Lethal effects of selected insecticides on cocooned pupae and adults (% mortality, corrected 
mortality [M] and Toxicity Class [TC]) of M. mediator 
Active 
ingredient 
Cocooned pupae Adults 
 % mortality
a 
M 
TC
b 
% mortality M 
TC
b 
Control 5.79 ± 1.83 -  0 -  
Flonicamid 22.17 ± 9.20* 17.38 1 0 0 1 
Pirimicarb 6.67 ± 4.23 0.93 1 100 100 4 
Pymetrozine 20.00 ± 7.30* 15.08 1 0 0 1 
Spinosad 10.00 ± 6.83 4.47 1 0 0 1 
Spirotetramat 13.33 ± 6.67 8.01 1 0 0 1 
Thiacloprid 7.50 ± 5.26 1.82 1 0 0 1 
a
: means ± S.E.; means within a column followed by an asterisk are significantly different from the control 
(Independent Samples T-test, p < 0.05). 
b: Toxicity Class according to the IOBC: class 1: “harmless”: M < 30%; class 2: “slightly harmful”: 30% 
≤ M< 80%; class 3: “moderately harmful”: 80% ≤ M ≤ 99% and class 4: “harmful”: M > 99%. 
Table 6.2. Sub-lethal effects of selected insecticides on adults of M. mediator (parasitization activity 
[number of stings per female per h], % parasitism, % parasitism reduction [PR], Toxicity Class [TC] and 
longevity [days])  
Active 
ingredient 
Parasitization 
activity
b 
% parasitism
b 
%PR TC
c 
Longevity
b 
     ♂ ♀ 
Control 13.56 ± 1.19 42.65 ± 3.20 - - 31.38 ± 0.83 37.85 ± 0.88 
Flonicamid 4.92 ± 1.67* 27.08 ± 5.59 36.51 2 28.09 ± 1.34 32.55 ± 2.06* 
Pirimicarb - - - - - - 
Pymetrozine 3.00 ± 1.34* 22.50 ± 6.17* 47.25 2 28.83 ± 1.62 34.00 ± 2.45 
Spinosad
a 
5.20 ± 2.60* 28.00 ± 7.68 34.35 2 4.00 ± 0.54* 4.17 ± 0.49* 
Spirotetramat 11.33 ± 2.26 36.25 ± 5.41 15.01 1 25.36 ± 2.28* 33.58 ± 2.48 
Thiacloprid 5.42 ± 2.19* 32.50 ± 6.61 23.80 1 27.80 ± 2.67 30.80 ± 2.62* 
a
: parasitization activity and %parasitism was monitored only for 5 female adults; in all other treatments, 
12 females were monitored 
b
:
 
means ± SE; means within a column followed by an asterisk are significantly different from the control 
(Independent Samples T-test, p < 0.05)  
c
: Toxicity class according to the IOBC: class 1: “harmless”: M < 30%; class 2: “slightly harmful”: 30% ≤ 
M< 80%; class 3: “moderately harmful”: 80% ≤ M ≤ 99% and class 4: “harmful”: M > 99%. 
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6.4 Discussion 
The susceptibility of adult M. mediator greatly differed between the tested insecticides. 
Whereas pirimicarb was highly toxic to adults by residual contact, flonicamid, pymetrozine, 
spinosad and thiacloprid only caused sub-lethal effects. These findings indicate that besides 
studying lethal effects (i.e. mortality) it is warranted to also assess sub-lethal effects (i.e. 
parasitism rate, activity, longevity) to fully judge the compatibility of an insecticide with a 
natural enemy (Desneux et al. 2007). Further, the susceptibility of M. mediator varied among 
life stages: the lower susceptibility of the cocooned pupae compared to the adults may be due 
to the protection by the cocoon.  
Little is known about the side effects of the selective homopteran feeding blocker, flonicamid, 
on parasitoids. Cloyd and Dickinson (2006) reported that adults of the parasitoid Leptomastix 
dactylopii (Howard) exposed to flonicamid residues on glass plates for 72 h suffered no 
toxicity. Further, exposure to residues on leaves did not influence the parasitization rate and 
sex ratio of L. dactylopii. The harmlessness of flonicamid was also confirmed by Frewin et al. 
(2012) when the aphelinid parasitoid Aphelinus certus (Yasnosh) was directly exposed to this 
compound. In contrast, Jansen et al. (2011) reported a diminished parasitization rate of 
Aphidius rhopalosiphi (DeStefani-Perez) females exposed to residues on glass plates. Our 
study also revealed sub-lethal effects in terms of a reduced parasitization activity, parasitism 
rate and female longevity. Furthermore, adult emergence from treated cocoons was reduced, 
suggesting that flonicamid has an impact on the pupal development of M. mediator and/or on 
the emerging adult wasp.  
Several studies indicated that pymetrozine, another selective homopteran feeding blocker, is 
harmless when (in)directly applied to different life stages of a number of hymenopteran 
parasitoids, including species from the families Aphelinidae, Aphidiidae and Ichneumonidae 
(Torres et al., 2003; Acheampong and Stark, 2004; Medina et al. 2007). However, Van 
Driesche et al. (2008) and Jansen et al. (2011) found direct toxic effects when adults of 
Aphidius colemani (Viereck) and A. rhopalosiphi, respectively, were exposed to residues on 
glass plates. Further, exposure of Lysiphlebus fabarum (Marshall) to one-day-old residues of 
pymetrozine on bean plants caused 57% mortality (Sabahi, 2011).  
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Sub-lethal effects in terms of a reduced female fertility were reported by Jansen et al. (2011), 
confirming the findings in the present study. Additionally, we did observe a reduced adult 
emergence after treatment of M. mediator cocoons. Furthermore, Joseph et al. (2011) 
demonstrated that pre-imaginal development of A. ervi (Haliday) inside a pymetrozine 
contaminated host was significantly affected. Thus, susceptibility towards this insecticide may 
vary depending on the species and the route of exposure.  
Because of its natural origin (Chapter 5), spinosad has become a popular pest management 
tool in organic crops. However, this compound has repeatedly been reported to cause harmful 
effects on adult parasitoids in laboratory trials, including both lethal and sub-lethal effects 
(Haseeb et al., 2004; Xu et al., 2004; Carmo et al., 2010; Saljoqi et al., 2012; Biondi et al., 
2012b). Cordero et al. (2007) found that the LC50-value of spinosad for two diamondback 
moth parasitoids was only a fraction (<2%) of the actual field rate concentration, indicating 
the high toxicity of the compound. This was confirmed by Cossentine et al. (2010), who noted 
significant reductions in emergence rate of the ichneumonid Apophua simplicipes (Cresson) 
when orally exposed to low concentrations of spinosad (0.3 - 0.6% of the recommended field 
rate). Further, Mason et al. (2002) showed that the mortality of M. mediator due to exposure 
to spinosad gradually increased up to 96.8% after 7 days. The latter finding is consistent with 
the delayed mortality in our study as indicated by the short longevities of the exposed males 
and females. In addition, the parasitization activity of M. mediator in our study was 
significantly reduced. However, as only five adults were available in our experiment to assess 
parasitism of M. mediator, further research on the sub-lethal effects of spinosad on M. 
mediator is warranted.  
The reported side effects of spirotetramat, a lipid biosynthesis inhibitor, on parasitoids vary 
depending on the experimental set-up and the insect species studied. Exposure of 
Coccidoxenoides perminutus (Girault), Trichogrammatoidea cryptophlebia (Nagaraja) and 
Aphytis lingnanensis (Compere) to residues on leaf disks resulted in 0.0, 0.2 and 38.8% 
mortality, respectively (Schnorbach et al., 2008). Frewin et al. (2012) found no toxicity when 
adult A. certus were directly sprayed with this compound. Similarly, Mansour et al. (2011) 
rated spirotetramat harmless for Anagyrus sp. near pseudococci (Girault). In contrast, Hall and 
Nguyen (2010) reported more than 68% mortality when adults of the eulophid Tamarixia 
radiata (Waterson) were directly sprayed with spirotetramat. Furthermore, exposure to 
residues on leaf disks yielded a mortality of 53.1% after 48 h.  
Chapter 6 _____________________________  _____________________________________  
150 
 
In our study, however, only longevity of male M. mediator was shortened by exposure to dry 
residues on glass plates. Harmlessness of spirotetramat by contact may be the result of the 
limited contact activity of the unmetabolized compound. As reported by Brück et al. (2009), 
spirotetramat becomes biologically active only after uptake by the plant and transformation to 
spirotetramat-enol. 
The susceptibility of hymenopteran parasitoids to the neonicotinoid thiacloprid reportedly 
varies with species. According to Bastos et al. (2006) and Wise et al. (2010) the emergence 
rate of Trichogramma species was significantly reduced when parasitized host eggs were 
treated with thiacloprid. Exposure of adult Encarsia formosa (Gahan) to residues on glass 
plates resulted in 100% mortality after 24 hours (Van de Veire and Tirry, 2003). Further, this 
compound severely harmed adult A. rhopalosiphi in glass plate bioassays (Mead-Briggs, 
1992). In contrast, Newman et al. (2004) rated thiacloprid harmless (<30% corrected 
mortality) after residual exposure of the braconid Dolichogenidea tasmanica (Cameron) on 
glass plates. Additionally, Zhao et al. (2012) classified this compound as safe for the egg 
parasitoid Trichogramma japonicum (Ahmead) in glass plate experiments. Thus, 
susceptibility to thiacloprid not only varies with parasitoid species, but also with the exposed 
life stage. Our results revealed a significant decline in parasitization activity and longevity of 
exposed M. mediator females. 
The impact of the carbamate pirimicarb on aphid parasitoids is well studied. Again, toxicity of 
this acetylcholinesterase inhibitor varies considerably with the experimental set-up and 
species. High mortality rates have been reported when adults were exposed to dry residues or 
directly sprayed (Borgemeister et al., 1993; Jansen, 1996; Desneux et al., 2004). No effects 
(Jansen, 1996) or only sub-lethal effects including effects on reproductive performance and 
sex-ratio (Umoru and Powell, 2002) were observed when the parasitoid was allowed to attack 
and/or develop in treated aphids. Little is known, however, about the effect of pirimicarb on 
non-aphid parasitoids. Exposure of the aphelinids Eretmocerus orientalis (Gerling) and 
Encarsia transvena (Timberlake) to dry residues on glass tubes resulted in a mortality of over 
99% (Tzeng and Kao, 1995). The outcome of our worst case laboratory trials indicates that 
pirimicarb is highly toxic for adult M. mediator and should therefore be further tested under 
more realistic conditions to judge its harmfulness.  
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The findings of this study may be useful for the conservation of M. mediator in cabbage 
fields, which are characterized by a broad pest complex (section 2.1). The selective features of 
spirotetramat can make this insecticide a valuable management tool in situations where both 
sucking pests and caterpillars have to be controlled and when M. mediator populations are 
present. However, care must be taken when extrapolating the results of our laboratory study to 
the field, since only a limited number of routes of exposure were tested, which did not take 
into account the systemic properties of the compound. As seen in Chapter 5, the side effects 
of spirotetramat may be underestimated when the test organism is exposed only to residues on 
glass plates. In this respect, multi-step studies like that of Desneux et al. (2006a,b) may be 
useful also for M. mediator. The other tested insecticides showed either lethal or sub-lethal 
effects which may affect the population growth of M. mediator in the field and hence lead to a 
reduced natural control of the cabbage moth. Further studies need to be done under more 
realistic semi-field and field conditions in order to obtain a more accurate assessment of the 
potential impact of these pesticides on M. mediator.  
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European growers have to deal with the high quality demands of the retail sector and 
consumers, resulting in a zero-tolerance threshold for pest insects on crops. As a consequence, 
growers are compelled to use crop protection techniques to safeguard their crops against 
pests. Presently, crop protection is still mainly based on chemical pesticides. Due to the public 
awareness about the potential risks of chemical pesticides for human health and the 
environment, the European commission has issued the EU directive 2009/128/EC to achieve 
the sustainable use of pesticides. In this framework European farmers will be obliged to resort 
to an Integrated Pest Management (IPM) strategy, in which they have to take all necessary 
measures to promote low-pesticide-input management, giving, whenever possible, priority to 
non-chemical methods, thereby protecting human health, the environment and the economic 
viability of plant production (Joas and Cotillon, 2009a).  
The present study mainly focused on the first principle of IPM, the prevention of pest 
outbreaks in Brussels sprouts, B. oleracea L. gemmifera.  
This crop was selected for the study not only because of the economic importance of cabbage 
crops in Belgium, but also because of the presence of a complex of economically important 
pests in Brussels sprouts, constituting a major challenge for cabbage growers to implement 
IPM. The main leaf feeding pest insects in Brussels sprouts are the cabbage aphid, B. 
brassicae, the cabbage moth, M. brassicae and the diamondback moth, P. xylostella (Hughes, 
1963; Talekar and Shelton, 1993; Geiger et al., 2005; Pfiffner et al. 2009). Direct damage is 
caused by these insects to leaves and sprouts by sucking (aphids) or chewing (caterpillars) 
resulting in distorted, wrinkled and chlorotic leaves or large holes in leaves and sprouts, 
respectively. Further, the cabbage aphid can cause indirect damage by the transmission of 
viruses, the presence of cast skins and of sooty moulds developing on excreted honeydew. 
Besides indirect damage of the cabbage aphid, the presence of caterpillar feces on the 
harvestable part of the crop also causes yield loss (sections 2.1.2.5 and 2.1.4.5). Top-down 
forces like predatory insects and parasitoids are of paramount importance to safeguard the 
crop from damage by these pests (Duchovskienė and Raudonis, 2008; Macfadyen et al., 
2009). In order to optimize the prevention of economic damage by the major pest insects in 
Brussels sprouts, a detailed knowledge of their phenology and that of their natural enemies is 
required.  
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Chapter 3 describes the phenology of both the key pests and their natural enemies in Brussels 
sprout crops in Flanders. During the whole monitoring season pest insects are present on the 
Brussels sprout plants: at the start of the season (June-July), the diamondback moth is 
primarily active, whereas later in the season (August-October), the cabbage moth and aphids 
are more abundant. Each of these pest insects is attacked by several natural enemies (sections: 
2.1.2.6, 2.1.3.6 and 2.1.4.6). The main entomophagous insects found during our study were 
the parasitoids D. semiclausum, M. mediator and D. rapae, and aphidophagous hoverflies. 
These insects have all been reported in the literature as the key natural enemies in different 
parts of the world of the diamondback moth, the cabbage moth and the cabbage aphid, 
respectively (Hafez, 1961; Hughes, 1963; Turnock and Carl, 1995; Francis et al., 2003; Kirk, 
2004; Geiger et al., 2005; Lauro et al., 2005; Winkler, 2005; Hautier et al., 2006; Mustata and 
Mustata, 2007; Pfiffner et al., 2009; Laubertie et al., 2012). Interestingly, the presence of both 
the pests and their natural enemies strongly varied among locations within Flanders and 
among seasons.  
Several factors are known to influence herbivore abundance and phenology: within-field 
factors, landscape characteristics, management techniques and environmental factors; this 
complex of factors makes accurate prediction very difficult (Hafez, 1961; Hughes, 1963; 
Talekar and Shelton, 1993; Clough et al., 2002; Hooks and Johnson, 2003; Bianchi et al. 
2005; Geiger et al., 2005; Zaller et al., 2008; Karungi et al., 2010; Chaplin-Kramer, 2011). 
Further, the presence of natural enemies and suitable ecological infrastructures for these 
natural enemies also greatly affect the local abundance of herbivores (Landis et al., 2000; 
Bianchi et al. 2005; van Rijn et al., 2006). 
As an accurate prediction of pest phenology and abundance is difficult to make, early 
detection is a vital component for preventive or mitigating measures (Peck and Olmstead, 
2009; Leskinen et al., 2011). This could be achieved by a well-developed monitoring system. 
Arguably, insect monitoring is the foundation of an effective pest management program 
(Isaacs and Van Timmeren, 2009; Leskinen et al., 2011) and is vital to support growers in 
their decision making to take appropriate management measures. As the abundance of pests 
and their natural enemies may vary among locations, this monitoring system should be based 
on data from different locations of a given region. Further, different monitoring techniques 
should be combined to get a reliable picture of pest abundance and the appropriate time to 
intervene (Cartea et al., 2009a).  
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For example, the high abundance of aphids in the pan traps in the beginning of the monitoring 
season 2007 indicates a migration of alate aphids (all species) over the Brussels sprouts fields 
(Chapter 3). However, visual scouting revealed that cabbage aphids were only present on 
sprout plants from the end of August. Moreover, the results indicate the importance of using 
an appropriate trap technique (i.e. pan traps, sticky traps, pheromone traps, …) to monitor the 
migration of adult insects. Adult cabbage moths were rarely caught with the water trap 
technique during the monitoring season 2007. Larvae, on the contrary, were abundantly found 
on the plants. Light traps (Laaksonen et al., 2006) or pheromone traps (Cartea et al., 2009a) 
could offer a solution for the monitoring of these lepidopterans. Likewise, Isaacs and Van 
Timmeren (2009) reported that the combined use of a well-considered monitoring system (i.e. 
delta-trap with pheromone) and regular crop scouting together with a good knowledge of the 
pest phenology (i.e. insect emergence time, lower development threshold,…) and selective 
insecticides, allowed the survival of natural enemies of the whitemarked tussock moth 
(Orgyia leucostigma [Smith]) and enabled the harvest of blueberries free from this insect pest.  
Like in other countries and crops (Leskinen et al., 2011; Montgomery, 2012; Van Remoortere, 
2013), cabbage growers in Flanders have the opportunity to participate in a monitoring and 
warning system for cabbage pests. In Flanders, this system is financed by the “Administrative 
and Logistic Association of Auctions” (LAVA) and based on field data of pest occurrence 
acquired from different research centers across Flanders. Unfortunately, the system does not 
take the abundance of natural enemies into account. As was shown in Chapter 3, natural 
enemies of the main pest insect were effectively present in field and contributed to pest 
control. Parasitism rates of the diamondback moth, for instance, were relatively high in 2008 
(51 – 84%). Further, the high abundance of syrphid larvae was closely related with the high 
aphid abundance in SKW which demonstrates that populations of natural enemies and their 
prey/host are well-matched. Therefore, it is warranted to incorporate the occurrence of natural 
enemies into the existing warning system and convince growers to use selective pesticides in 
periods when natural enemies are abundant.  
However, despite of the suppressive effect that natural enemies in Brussels sprouts had on the 
populations of their hosts or prey, they were unable to keep the crop product (i.e., the sprouts) 
free from pest damage (Chapter 3). As a consequence, Brussels sprout growers will still need 
to resort to insecticides to fulfill the quality requirements of the industry and market.  
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On the other hand, when conservation measures are taken to stimulate populations of natural 
enemies, growers may be able to control pest populations with a lower input of insecticides 
or, in some crops, like wheat and potatoes, even without insecticides (Landis et al., 2000; 
Johnson et al., 2008; Perdikis et al., 2011). Several strategies can be used to conserve and 
stimulate natural enemies in field crops (section 2.2.3). Establishing a flower strip can fulfill 
several needs of natural enemies present in the field. It will provide not only nectar and 
pollen, but also alternative prey and/or shelter, which all can enhance fecundity, activity, 
longevity and survival of the beneficial insects (Pontin et al., 2006; Wäckers et al., 2008; 
Hogg et al., 2011a,b). This may eventually result in an increased pest suppression in the 
adjacent crop. In Brussels sprouts, however, our study clearly indicates that the impact of a 
multiple species flower strip on the populations of the main leaf feeding pest insects and their 
natural enemies is not unambiguous (Chapter 4). In contrast to other studies in cabbage which 
focused on a single group of insect pests (i.e. aphids, lepidopterans) (Zhao et al., 1992; 
Bukovinszky et al., 2003; Lavandero et al., 2005; Lee and Heimpel, 2005, 2008b; Lee et al., 
2006; Pfiffner et al., 2003, 2006, 2009; van Rijn et al., 2006; Winkler et al., 2010), our study 
yielded different results depending on location and insect species.  
A positive impact of the flower strip on the control of the cabbage moth was found in Beitem 
and Kruishoutem, whereas in Sint-Katelijne-Waver (SKW) no significant impact was found. 
For the diamondback moth, on the other hand, the field adjacent to the flower strip (FS-field) 
clearly proved to be more attractive than the control-field (CO-field) at all locations. 
Contradicting results were obtained for the cabbage aphid. In Beitem, less aphids were 
observed in the FS-field compared to the CO-field, whereas in SKW the reverse was 
observed. In Kruishoutem, however, no differences in aphid abundance were found between 
the two fields. The impact of the flower strip on the natural enemies was also variable. 
Parasitization of the lepidopteran pests (i.e. cabbage moth and diamondback moth), was not 
significantly influenced by the presence of a flower strip, whereas parasitization of the 
cabbage aphid was only significantly positively influenced during part of the cropping season 
and at one location (i.e. SKW). Contradicting results were obtained for the presence of 
syrphid larvae. In SKW, more larvae were found in the FS-field compared to the CO-field, 
while in Kruishoutem the opposite was observed. In Beitem, on the other hand, no differences 
between the two fields were observed. This highlights the importance of understanding the 
effect of flower strips on the entire pest complex of the crop under consideration.  
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Unlike the above mentioned previous studies in cabbage, we also investigated crop yield and 
found that the suppression of pest insects by their natural enemies was not sufficient to keep 
the sprouts free from economical damage. Thus, the use of a multiple species flower strip in 
Brussels sprouts alone is not sufficient to prevent damage to the sprouts. In other, more 
extensive crops (i.e. potatoes, wheat, …), however, the use of a flower strip has been reported 
to reduce or even eliminate pesticide use without quality loss of the harvested product 
(Hickman and Wratten, 1996; van Rijn et al., 2008). Not only the fact that these crops often 
tolerate some degree of pest infection without yield loss, but also that they do not have such a 
large pest complex like Brussels sprouts, make them more suitable for being combined with 
flower strips. Further, in perennial crops, like certain ornamentals and fruit orchards, the use 
of a flower strip could also be more effective. Recent research in lime trees demonstrated a 
suppressive impact of a multiple species flower strip consisting of annual and perennial 
flowers on the abundance of lime aphids (Eucallipterus tilia [L.]) and oak slugworms 
(Caliroa annulipes [Klug]) (Moens et al., unpublished data). Research in fruit orchards also 
demonstrated the positive effect of flowering plants on beneficial insects to reduce pest 
populations (Bostanian et al., 2004; Fitzgerald and Solomon, 2004). These positive results in 
perennial crops may be related to several factors.  
Natural enemies could overwinter in a perennial flower strip and as a result may be present 
earlier in the next season. Further, as stated by Bostanian et al. (2004), natural enemies could 
build up their population in the flower strip for several years resulting in a more effective pest 
control over the years. In this framework, the use of a mixed flower strip (with annual and 
perennial flower species) in a crop rotation scheme of field crops may exert sufficient pest 
control over the rotation years. In the first years, more extensive crops with a more limited 
pest complex (i.e. potatoes, wheat, …) could be grown. Later in the rotation scheme, when 
populations of natural enemies have had the time to build up, ecologically more complex 
crops (like cabbage) could be grown. However, because of the rotation, the flower strip 
should fulfill the demands of all crops in the rotation scheme, both towards attractiveness of 
natural enemies and non-attractiveness towards the pest insects present in all the crops of the 
rotation. As crop rotation is pivotal in good agricultural practices and can help in preventing 
pest problems (IPM first principle), future research could focus on the impact of a flower strip 
in a crop rotation scheme.  
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The findings from Chapters 3 and 4 indicate that to manage the key pest insects and prevent 
damage of sprouts, the use of insecticides remains necessary. As not all insecticides used in 
cabbage are equally selective towards natural enemies (i.e. deltamethrin, cypermethrin, 
lambda-cyhalothrin, pirimicarb, chlorpyrifos, dimethoate, … (Dimetry and Marei, 1992; 
Jansen, 1998; Carmo et al., 2010), a careful selection should be made to prevent significant 
non-target effects on populations of natural enemies which may lead to pest resurgence 
(Grafton-Cardwell and Gu, 2003; Funderburk, 2009) or secondary pest outbreaks (Kok and 
Acosta-Martinez, 2001; Thomson and Hofmann, 2007). The toxicity of several frequently 
used “selective” insecticides (i.e. flonicamid, pirimicarb, pymetrozine, spinosad, spirotetramat 
and thiacloprid) to E. balteatus and M. mediator, natural enemies of key pests in brassicas, 
was not well understood and therefore examined in the present study (Chapters 5 and 6). The 
side effects of the examined insecticides varied among the tested insecticides, insect species 
and exposure methods. Because of its high toxicity towards some beneficial insects including 
syrphids, pirimicarb was chosen as a toxic reference (Borgemeister et al., 1993; Niehoff and 
Poehling, 1995; Tzeng and Kao, 1995; Jansen, 1996, 1998, 2000; Colignon et al., 2003; 
Desneux et al., 2004). Indeed, in our experiments the latter compound proved harmful to both 
E. balteatus and M. mediator. Notwithstanding its approved use in organic crop systems (EU 
Council Regulation 2092/91), spinosad was found to be highly toxic to both natural enemies 
in this study, confirming earlier reports (Biondi et al., 2012b).  
Consequently, it may be warranted to revise the use of spinosad and perhaps other insecticides 
of natural origin in organic cropping systems. One of the cornerstones of organic farming is 
the protection of the natural resources (i.e. natural enemies) in the crop system. Further, the 
use of natural pesticides should only be a last resort to manage pests and diseases in crop 
production (Borgo and Denys, 2012). However, when using some of these natural pesticides 
(i.e. spinosad, pyrethrines, avermectins, …), the potential of natural enemies to suppress pest 
insects may largely be destroyed. As natural biological control is a primary mechanism to 
prevent pest outbreaks, selectivity towards natural enemies should certainly be incorporated 
into the criteria for approval of insecticides of natural origin for use in organic cultivation. 
Thiacloprid and spirotetramat caused no harmful effects when both insects were exposed to 
residues on glass plates. Direct exposure of E. balteatus larvae on bean plants, on the other 
hand, caused a high toxicity by both insecticides, which is probably the result of their 
systemic action (Elbert et al., 2002; Nauen et al., 2008).  
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Flonicamid and pymetrozine were found compatible with the syrphid. Residues on glass 
plates, however, caused sub-lethal effects (reduction in parasitization capacity) on the 
parasitoid M. mediator. The different results obtained in this study depending on the 
experimental set-up highlight the importance of adopting a multi-step approach, as indicated 
by Desneux et al. (2006a,b), to assess insecticide impacts in a more complete way. While 
residual toxicity on glass plates may largely fail to detect the impact of systemic insecticides 
(Jansen, 2010), other testing methods (e.g. residual exposure on plants with contaminated 
prey) could reveal their potential toxicity. Consequently, the impact of the tested insecticides, 
especially the systemic ones, on M. mediator may have been underestimated as they were 
only tested as residues on glass plates and should therefore be further investigated. Our study 
confirms that, besides direct toxic effects, sub-lethal effects of pesticides on arthropods must 
also be investigated for a complete analysis of their impact (Desneux et al., 2006a,b, 2007; 
Jansen et al., 2011). If the assessment was only based on direct mortality, some of the studied 
insecticides, like spinosad, pymetrozine and flonicamid, were rated less harmful to M. 
mediator than they actually are. 
From the results of Chapters 5 and 6, it can be postulated that spinosad and pirimicarb should 
not be recommended for the control of caterpillars and aphids, respectively, when populations 
of their key natural enemies M. mediator and E. balteatus are present in the field. However, 
both insecticides may still be useful in IPM programs at times when natural enemies are not 
yet or less abundantly present in the field. This again highlights the importance of crop 
scouting before taking a decision to intervene with chemical sprays.  
Furthermore, other insecticide application methods could offer a solution to sustain the 
efficacy of natural enemies in combination with these insecticides. Laboratory research 
demonstrated that spinosad bait applications were safer to beneficial arthropods than other 
application methods (Stark et al., 2004; Urbaneja et al., 2009). Despite their slight toxicity to 
pupae (section 5.3.2.2), pymetrozine and flonicamid could be used for the control of cabbage 
aphids when syrphid larvae are present in the field. However, as the selectivity of both 
compounds towards M. mediator is not completely understood, they should be used with 
caution. As demonstrated in Chapter 3, during the period when cabbage aphids were 
abundantly present in the field, larvae of the second generation of the cabbage moth were also 
abundantly present and so was their natural enemy M. mediator.  
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Despite its selectivity to E. balteatus, flonicamid is not approved for cabbage crops in 
Belgium and can therefore not be used to control the cabbage aphid (Fytoweb, 2013). As 
hypothesized in section 5.4, spirotetramat could be used in cabbage when syrphid populations 
in the field are dominated by pupae. Nevertheless, given the limitations of the testing method 
(i.e. residues on glass plates), caution must be taken when using this product together with the 
parasitoid M. mediator. Like flonicamid, the use of thiacloprid in cabbage is presently not 
approved in Belgium. Clearly, it is not always possible to assess all side-effects of pesticides 
under laboratory conditions (Jepsen et al., 2007; Jansen, 2010). In the field a complexity of 
side-effects may occur: direct exposure of organisms distributed in the vegetation, residual 
contact with the treated plant substrate, ingestion of or contact with treated prey or host, or of 
contaminated plant materials (e.g. nectar) and effects of the reduction of food/host 
availability. Further, in the field insecticides are exposed to weather conditions, which could 
degrade their effectiveness and thus also diminish their side-effects. Future research under 
field circumstances is therefore necessary to get a more complete view of the side-effects of 
the tested insecticides on the main natural enemies in Brussels sprouts.  
As shown by this study, each insecticide tested has some detrimental impact on the selected 
natural enemies, either a direct lethal impact or a sub-lethal impact; either when the beneficial 
was exposed to residues on glass plates or when directly sprayed and exposed to residues on 
plants. A selective insecticide with no impact at all to non-target organisms will be hard to 
find. As a result, the most appropriate insecticide for a given crop and pest will be the one 
with the least detrimental impact for natural enemies in that given situation.  
In this context, the IOBC working group “Pesticides and Beneficial Organisms” has 
developed a new database of insecticide selectivity which is available online and could be a 
useful source of information when combining insecticides with natural enemies (Jansen, 
2013). Besides research to new selective insecticides by multi-step selectivity tests, future 
research on insecticide selectivity should focus on ecological selectivity (section 2.2.3.3). 
Seed-treatment or treatment of tray-plants could protect young plants several weeks after 
planting without direct exposure of natural enemies to insecticides. In Brussels sprouts for 
instance, tray treatment with imidacloprid could protect the plants from June until mid-
September against aphids. In the meanwhile, natural enemies of lepidopterans could be active 
in the field without direct exposure to potentially toxic aphicides.  
Chapter 7 ___________________________________________________________________  
162 
 
At the end of the growing season (November), remaining aphids could be removed by an 
effective insecticide with little or no harmful effect to beneficial insects, as those are hardly 
present during this period (Chapters 3 and 4). However, as imidacloprid is believed to be a 
high risk insecticide for bees (EFSA, 2013), the use of this insecticide is under revision. 
Further, precision agriculture (i.e. the use of ultrasonic and optical sensors, GPS navigation, 
air-induction nozzles, …) should be promoted to optimize pesticide application and further 
reduce their non-target effects. 
Pest management strategies using a single control method are often not sufficient for effective 
pest suppression in cruciferous crops (Hooks et al., 2003). Therefore, the combination of a 
flower strip with other pest management strategies in Brussels sprouts should be further 
investigated. As mentioned in Chapter 4, the use of a selective insecticide or horticultural 
fleece to delay pest infestation combined with a flower strip, may be an effective strategy. 
Delaying the time of crop infestation by pest insects could give natural enemies the 
opportunity to build up their population in the flower strip. When the horticultural fleece 
needs to be removed or the insecticide treatment has worn off and pest insects turn up in the 
crop, natural enemies could migrate from the flower strip to the crop and exert pest control.  
In conclusion, this and previous studies indicate that the single use of a flower strip has not 
always the desired outcome in terms of pest suppression. Future research should therefore 
focus on a flower strip combined with other pest management tactics (i.e. insecticides, crop 
rotation, physical control …) in offering a solution for the sustainable growing of vegetables. 
Further, farmers have remained reluctant to establish a flower strip because of the uncertain 
effect.  
Nonetheless, establishing a flower strip could assist in countering the loss of flower-rich plant 
communities in modern agriculture, enhance pollinator habitats and as a result pollination 
services, protect soil and water quality, enhance rural aesthetics and protect general wildlife 
biodiversity (Fiedler et al., 2008; Haaland et al., 2011; Wratten et al., 2012). Therefore, and 
given that farmers are obliged to resort to IPM in Europe from 2014 on, farmers are expected 
to be more willing to convert a part of their field into a flower strip in the near future. They 
may be more inclined to do so when it concerns a marginal part of the field with less or no 
crop yield and when the government is willing to provide for financial compensation.  
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Summary 
Brussels sprouts are attacked by a variety of herbivore pests from several insect families. The 
most important leaf feeding ones are the cabbage aphid, Brevicoryne brassicae (L.), the 
cabbage moth, Mamestra brassicae (L.) and the diamondback moth, Plutella xylostella (L.). 
As Brussels sprouts are a high yielding crop with an almost zero damage threshold, growers 
want to remain the sprouts free from damage and by extension free from pest insects. To 
succeed in this, several control measures are available, of which chemical control is most 
commonly applied. However, because of the negative side-effects of pesticides, the European 
Commission is compelling growers to resort to an Integrated Pest Management strategy 
(directive 2009/128/EC). The first principle of this strategy focusses on the prevention of 
pests. This can be achieved by enhancing the populations of naturally occurring beneficial 
organisms, which is general principle of Conservation Biological Control (CBC). In Brussels 
sprouts, pest insects are attacked by several natural enemies which may all contribute to 
biological control (Chapter 2).  
In Chapter 3 the phenology of the above mentioned pest insects and their key natural 
enemies was examined at three locations in Flanders (Beitem, Kruishoutem and Sint-
Katelijne-Waver). At the beginning of the growing season (June-July), Brussels sprouts plants 
were mainly attacked by the larvae of the diamondback moth. From August on, larvae of this 
pest were only found sporadically on the plants. Larvae of the cabbage moth were more 
abundantly present from mid-July. This generation was found to be the most important one in 
terms of economic damage. The cabbage aphid was present during the whole growing season 
and its population is characterized by an explosive growth from September on. Furthermore, 
the results revealed that the abundance of natural enemies was strongly related with pest 
abundance. Parasitism was mainly exerted by the hymenopteran parasitoids Diadegma 
semiclausum (Hellen), Microplitis mediator (Haliday) and Diaeretiella rapae (McIntosh) for 
resp. the diamondback moth, cabbage moth and cabbage aphid. Predation on the cabbage 
aphid was mainly due to larvae of the syrphid Episyrphus balteatus (Degeer). Despite their 
high abundance, however, these natural enemies were unable to keep these pests under 
control. Further, the results indicated a substantial variability in the phenology of both pest 
insects and their natural enemies among locations and seasons, suggesting that for effective 
pest control monitoring should be done at each location of interest. 
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In order to strengthen the biological control function of natural enemies, measures can be 
taken to increase their abundance in agro-ecosystems. In Chapter 4 the impact of an annual 
flower strip on the pest complex in Brussels sprouts and the associated natural enemies was 
assessed. The results of this field study indicate that the impact of a flower strip on the insect 
complex in and around Brussels sprout fields is not unambiguous. Diamondback moth larvae 
and pupae were more abundant in the fields adjacent to the flower-strip (FS-fields) in 
comparison to the control field (CO-fields). The cabbage moth was more abundant in the CO-
fields of Beitem and Kruishoutem compared to the FS-fields at those locations. Nevertheless, 
parasitization of both insects appeared not to be influenced by the presence of a flower strip. 
The impact of the flower strip on the cabbage aphid differed among locations. In Beitem, a 
positive impact on aphid suppression was observed, while in Sint-Katelijne-Waver the 
opposite was found. In Kruishoutem, on the other hand, no differences in aphid abundance 
were observed between the FS- and CO-fields. Further, parasitization was only positively 
influenced in Sint-Katelijne-Waver during a part of the growing season. At other times and at 
the other locations, no impact was observed. In contrast to the findings in Kruishoutem, the 
presence of syrphid larvae was positively influenced by the flower strip in Sint-Katelijne-
Waver. In Beitem, however, no impact on syrphid presence was observed. Despite the high 
abundance of natural enemies, the sprouts could not be kept free from economic damage.  
Besides enhancing natural enemies by habitat management measures, conservation biological 
control also focusses on insecticide selectivity. This aspect is investigated in Chapters 5 and 
6. In Chapter 5 a set of experiments was carried out to assess the lethal and sub-lethal effects 
of selected insecticides (flonicamid, pirimicarb, pymetrozine, spinosad, spirotetramat and 
thiacloprid) on the hoverfly, E. balteatus. The susceptibility of the hoverfly differed among 
the selected insecticides and the experimental methods. In a worst-case laboratory experiment, 
in which larvae were exposed to residues on glass plates, pirimicarb and spinosad were found 
to be harmful, flonicamid and pymetrozine slightly harmful and thiacloprid and spirotetramat 
harmless. However, exposing larvae to more realistic conditions on bean plants yielded 
different results. Only flonicamid and pymetrozine proved harmless, whereas all the other 
insecticides were deemed harmful. Susceptibility to the tested compounds also varied among 
the life stages. Only spinosad was rated harmful when pupae were directly exposed to the 
insecticide spray, whereas pirimicarb, flonicamid and pymetrozine were deemed slightly 
harmful and thiacloprid and spirotetramat harmless.  
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These different results among the life stages of the hoverfly and exposure methods highlight 
the importance of testing the side-effects of an insecticide following a multi-step approach. It 
was concluded that flonicamid and pymetrozine were compatible in an IPM approach with the 
hoverfly, E. balteatus. 
In Chapter 6 a worst-case laboratory test was performed in which the selectivity of the above 
mentioned insecticides was examined on the hymenopteran parasitoid, M. mediator. Only 
pirimicarb caused 100% mortality 24h after exposure of the adult wasps to residues on glass 
plates. Due to their sub-lethal effects (i.e. reduced activity, parasitism rate or longevity) 
flonicamid, pymetrozine and spinosad were categorized as slightly harmful. Thiacloprid and 
spirotetramat, on the other hand, were rated harmless for the adult wasp. This study further 
indicated that the cocooned pupae were more protected from the insecticides compared to the 
adult wasps, as no treatment yielded average mortality above 23% of the cocooned pupae. 
However, as only one testing method was used, the impact of the insecticides may have been 
underestimated and should be further investigated to fully elucidate the non-target effects of 
these insecticides on M. mediator. 
Finally, in Chapter 7 general conclusions are presented and future research prospects are 
discussed. Sowing flowering non-crop plants adjacent to Brussels sprouts fields as a sole 
management strategy was not adequate to control the pest complex in this crop and keep the 
sprouts free from damage. However, like most crops, Brussels sprouts are part of a rotation 
scheme, and more research is needed to investigate the role of a flower strip in a crop rotation 
scheme. The combined use of pest management strategies is a basic principle of IPM. 
Therefore, the use of a flower strip in combination with other pest management strategies, 
including insecticides, deserves further investigation. As the selectivity of chemical 
insecticides towards beneficial insects may greatly vary, their selection should be based on a 
multi-step assessment considering the key natural enemies associated with the target crop. 
Furthermore, the decision to apply these insecticides should be founded on a monitoring 
system that not only considers the populations of pest insects, but also incorporates the 
prevalence of natural enemies at the location of interest.  
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Samenvatting 
Spruitkool wordt aangetast door een complex van plaaginsecten behorende tot verschillende 
families. De belangrijkste beschadigers zijn de kooluil, Mamestra brassicae (L.), het 
koolmotje, Plutella xylostella (L.) en de melige koolluis, Brevicoryne brassicae (L.). Door de 
hoge kwaliteitseisen van de retailsector wordt er nauwelijks schade aan de spruitjes 
toegelaten. Om schade, veroorzaakt door deze insecten, te vermijden, zien spruitkooltelers 
zich genoodzaakt om de plaaginsecten intensief te bestrijden. Ondanks de mogelijke 
neveneffecten op mens, dier en milieu, is de chemische bestrijding nog steeds de meest 
gebruikte bestrijdingsstrategie. Om het gebruik van deze chemische middelen te beperken en 
het milieu te sparen, worden telers vanaf 2014 verplicht om over te schakelen naar een 
geïntegreerde gewasbeschermingsstrategie (Directive 2009/128/EC). Het eerste principe van 
deze strategie richt zich op de preventie van plaagorganismen, wat o.a. kan gebeuren door het 
stimuleren van nuttige insecten (natuurlijke vijanden) die aanwezig zijn in het 
gewasecosysteem. Deze preventieve maatregelen worden vaak aangeduid onder de noemer 
biologische bestrijding door conservatie. In spruitkool is een arsenaal aan nuttige insecten 
aanwezig die allen kunnen bijdragen aan deze vorm van biologische controle. (Hoofdstuk 2). 
In Hoofdstuk 3 wordt de fenologie van de hierboven vermelde plaaginsecten en hun 
natuurlijke vijanden onderzocht op drie plaatsen in Vlaanderen (Beitem, Kruishoutem en Sint-
Katelijne-Waver). Bij de start van het groeiseizoen (juni-juli) werden vooral larven van het 
koolmotje waargenomen op de spruitkoolplanten. Vanaf augustus werden deze plaaginsecten 
nog nauwelijks waargenomen in het gewas. Vanaf midden juli begon het aantal kooluillarven 
sterk toe te nemen. Deze generatie van larven veroorzaakte de meeste schade aan het 
spruitkoolgewas, aangezien ze niet enkel de bladeren maar ook de spruitjes kunnen aantasten. 
De melige koolluis werd aangetroffen gedurende de hele bemonsteringsperiode en kende een 
piekperiode vanaf september. Daarnaast toonden de resultaten aan dat het voorkomen van de 
natuurlijke vijanden sterk gerelateerd is met de aanwezigheid van hun plaaginsecten. De 
kooluil, het koolmotje en de melige koolluis werden voornamelijk geparasiteerd door 
respectievelijk de sluipwespen Microplitis mediator (Haliday), Diadegma semiclausum 
(Hellen) en Diaeretiella rapae (McIntosh). De melige koolluis werd tevens gepredateerd door 
de larven van de snorzweefvlieg Episyrphus balteatus (Degeer).  
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Ondanks de aanwezigheid van de natuurlijke vijanden, konden de verschillende plagen niet 
onder controle worden gehouden. Verder werd vastgesteld dat het voorkomen van de 
plaaginsecten en hun natuurlijke vijanden sterk varieerde van locatie tot locatie en van 
groeiseizoen tot groeiseizoen. Dit toont aan dat inspectie van het gewas in elk veld 
noodzakelijk is vooraleer de beslissing wordt genomen om een gewas te behandelen.  
Om de effectiviteit van natuurlijke plaagbestrijding te verhogen, kunnen maatregelen worden 
genomen die de aanwezigheid van natuurlijke vijanden in het gewas stimuleren. In 
Hoofdstuk 4 wordt de impact van één van deze maatregelen, nl. de aanleg van een éénjarige 
bloemenrand, op de aanwezigheid van het plaagcomplex en zijn natuurlijke vijanden in 
spruitkool bestudeerd. De resultaten van deze veldstudie toonden aan dat er geen eenduidige 
invloed was van de bloemenrand op de aanwezigheid van plaaginsecten en hun natuurlijke 
vijanden. Zo werden larven en poppen van het koolmotje meer teruggevonden op de 
spruitkoolplanten in de percelen grenzend aan de bloemenrand (BR-percelen) t.o.v. de 
controlepercelen (CO-percelen). De kooluil was dan weer meer aanwezig in de CO-percelen 
van Beitem en Kruishoutem in vergelijking met de BR-percelen van deze locaties. 
Parasitering van deze plaaginsecten daarentegen werd niet beïnvloed door de aanwezigheid 
van een bloemenrand. De impact op de aanwezigheid van de melige koolluis varieerde 
naargelang de locatie. In tegenstelling tot Sint-Katelijne-Waver werd in Beitem een positieve 
invloed op de bladluisonderdrukking vastgesteld. In Kruishoutem echter werd geen verschil 
waargenomen in bladluisaanwezigheid tussen de BR- en CO-percelen. Parasitering van de 
melige koolluis werd enkel beïnvloed in Sint-Katelijne-Waver, waar gedurende een deel van 
het groeiseizoen een hogere parasitering optrad in de BR-percelen in vergelijking met de CO-
percelen. De aanwezigheid van zweefvlieglarven werd positief beïnvloed door de 
bloemenrand in Sint-Katelijne-Waver, dit in tegenstelling tot Kruishoutem. In Beitem 
daarentegen werd geen invloed op de aanwezigheid van zweefvliegen waargenomen. 
Ondanks de aanwezigheid van natuurlijke vijanden, konden de spruitjes niet gevrijwaard 
worden van schade. 
Naast het stimuleren van natuurlijke vijanden door het creëren van een gunstige 
leefomgeving, focust de conservatie ook op de selectiviteit van gewasbeschermingsmiddelen 
t.o.v. natuurlijke vijanden. Dit aspect werd onderzocht in de Hoofdstukken 5 en 6.  
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In Hoofdstuk 5 werden de letale en sub-letale effecten van geselecteerde 
gewasbeschermingsmiddelen (flonicamid, pirimicarb, pymetrozine, spinosad, spirotetramat en 
thiacloprid) op de zweefvlieg E. balteatus onderzocht. De gevoeligheid van de zweefvlieg 
varieert naargelang het geselecteerde gewasbeschermingsmiddel en de manier van 
blootstellen. In de “worst-case”-laboratoriumproef worden zweefvlieglarven blootgesteld aan 
residu’s van gewasbeschermingsmiddelen op glazen plaatjes. Hierbij werd aangetoond dat 
pirimicarb en spinsosad schadelijk waren, flonicamid en pymetrozine licht schadelijk en 
thiacloprid en spirotetramat onschadelijk. Wanneer de larven blootgesteld werden aan meer 
realistische omstandigheden op bonenplanten werden enkel pymetrozine en flonicamid 
onschadelijk bevonden. Al de andere middelen waren schadelijk. De selectiviteit van de 
geteste middelen varieerde eveneens naargelang het blootgestelde levensstadium van de 
zweefvlieg. Enkel spinosad was schadelijk wanneer poppen van de zweefvlieg rechtstreeks 
werden blootgesteld. Pirimicarb, flonicamid en pymetrozine bleken licht schadelijk en 
thiacloprid en spirotetramat onschadelijk. De resultaten van deze experimenten tonen aan dat 
de proefopzet voor het testen van neveneffecten (directe of indirecte blootstelling, inert of 
levend substraat, levensstadium insect) een belangrijke invloed heeft op het resultaat van de 
proef. Wanneer een insecticide moet getest worden is het dus aan te raden om al deze factoren 
in rekening te brengen vooraleer een conclusie te formuleren. 
In Hoofdstuk 6 wordt de selectiviteit van de geselecteerde gewasbeschermingsmiddelen op 
de sluipwesp M. mediator onderzocht. Enkel pirimicarb veroorzaakte 100% mortaliteit 24u na 
blootstelling van de adulte sluipwespen aan residu’s op glazen platen. Flonicamid, 
pymetrozine en spinosad veroorzaakten sub-letale effecten (verminderde activiteit, 
parasitering en levensduur) en werden daarom als licht schadelijk beschouwd. Thiacloprid en 
spirotetramat waren onschadelijk. De mortaliteit van de poppen in de cocons was niet hoger 
dan 23% wanneer de cocons van de sluipwesp rechtstreeks werden blootgesteld aan de 
gewasbeschermingsmiddelen. Dit toont aan dat de poppen in hun cocons mogelijk een hogere 
bescherming genieten tegen de gewasbeschermingsmiddelen in vergelijking met de adulte 
sluipwespen. Aangezien maar één blootstellingswijze werd uitgetest, kan de impact van de 
geselecteerde gewasbeschermingsmiddelen op de sluipwesp echter onderschat zijn. Daarom is 
het aangewezen om eveneens andere manieren van blootstelling te onderzoeken om een 
vollediger beeld te krijgen van de (on)schadelijkheid van deze middelen.  
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In Hoofdstuk 7 worden algemene conclusies getrokken en verdere onderzoeksvragen 
geformuleerd. Het zaaien van een bloemenrand naast een spruitkoolperceel als enige 
beheermaatregel bleek niet voldoende om het plaagcomplex in spruitkool te onderdrukken en 
de spruitjes te vrijwaren van schade. Aangezien spruitkool, zoals de meeste gewassen geteeld 
onder goede landbouwpraktijken, deel uit maakt van een gewasrotatie, is het belangrijk om 
tevens de invloed te kennen van een bloemenrand in een rotatieschema. Verdere studie is 
tevens nodig om de invloed van de bloemenrand te onderzoeken in combinatie met andere 
gewasbeschermingsstrategieën, zoals chemische gewasbeschermingsmiddelen. Aangezien de 
nuttige insecten aanwezig in het gewas zoveel mogelijk dienen gespaard te worden, is het 
noodzakelijk om gebruik te maken van selectieve middelen. De keuze van deze middelen 
dient gebaseerd te zijn op een uitgebreid onderzoek waarbij de verschillende manieren van 
blootstelling aan bod komen. Ten slotte is het belangrijk om de beslissing om in te grijpen met 
gewasbeschermingsmiddelen te baseren op een degelijk monitoringsysteem van zowel de 
plaaginsecten als de natuurlijke vijanden aanwezig in het gewas. 
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Annex I 
Table I. Climate data (maximum temperature, minimum temperature and total precipitation) per month (mean ± SE) at the three research locations (Beitem, 
Kruishoutem en SKW) for 2007 
Month Mean temp. (°C) Max. temp (°C) Min. temp. (°C) Precipitation (mm) 
 Beitem Kruishoutem SKW Beitem Kruishoutem SKW Beitem Kruishoutem SKW Beitem Kruishoutem SKW 
January 7.18±0.63 7.28±1.31 6.91±0.73 9.37±0.63 9.81±0.63 9.26±0.68 4.80±0.69 5.10±0.75 4.56±0.84 1.86±0.46 2.04±0.50 2.85±0.77 
February  6.24±0.49 6.52±0.50 5.99±0.53 9.05±0.50 9.90±0.52 9.71±0.65 3.28±0.62 3.44±0.59 2.89±0.66 2.83±0.78 2.93±0.67 2.58±0.67 
March 7.62±0.33 7.96±0.37 7.77±0.43 11.41±0.52 10.41±0.68 12.81±0.70 3.66±0.37 4.25±0.45 2.95±0.52 2.00±0.54 1.84±0.51 1.79±0.52 
April 12.62±0.67 13.69±0.72 13.36±0.86 19.37±0.90 20.52±0.93 20.95±1.13 6.09±0.65 6.70±0.67 5.23±0.80 0.04±0.04 0.00±0.00 0.01±0.01 
May 13.69±0.33 14.51±0.34 15.21±0.42 17.78±0.53 18.92±0.54 20.28±0.69 9.32±0.41 10.04±0.35 9.79±0.49 2.04±0.61 2.84±0.77 2.17±0.60 
June 16.16±0.31 17.25±0.33 18.36±0.43 20.25±0.47 21.50±0.48 23.72±0.68 12.76±0.30 13.53±0.27 13.41±0.42 4.05±1.29 2.49±0.63 3.42±0.94 
July 16.37±0.35 17.50±0.39 17.88±0.50 20.52±0.50 22.01±0.54 23.10±0.74 12.14±0.40 13.43±0.37      12.78±0.49 4.67±1.37 4.81±1.39 3.70±0.94 
August 16.53±0.33 17.40±0.38 17.67±0.42 20.86±0.50 22.02±0.53 23.38±0.73 11.85±0.39 12.72±0.40      12.12±0.57 1.58±0.48 1.34±0.40 1.77±0.67 
September 13.83±0.35 14.28±0.37 14.36±0.38 18.04±0.47 18.92±0.48 19.77±0.55 9.03±0.43 9.89±0.45 8.30±0.55 2.92±1.12 2.48±0.97 1.40±0.46 
October 10.05±0.44 10.44±0.44 10.08±0.50 13.73±0.51 14.59±0.54 14.98±0.68 6.37±0.59 6.79±0.60 5.65±0.68 0.93±0.60 1.64±0.69 1.32±0.67 
November 7.00±0.51 7.03±0.52 - 9.39±0.49 10.00±0.48 9.64±0.50 4.10±0.57 4.28±0.59 3.74±0.67 0.03±0.03 2.18±0.60 2.52±0.63 
December 3.85±0.78 - - 6.10±0.81 6.75±0.72 7.05±1.03 1.80±0.79 1.85±0.78 1.82±1.12 0.13±0.09 2.00±0.66 2.88±0.59 
2007 10.95±0.36 -  14.68±0.32 15.45±0.34 16.50±0.38 7.12±0.24 7.67±0.26 7.16±0.28 700.10a 807.80a 803.50a 
a
: total precipitation  
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Table II. Climate data (maximum temperature, minimum temperature and total precipitation) per month (mean ± SE) at the three research locations (Beitem, 
Kruishoutem en SKW) for 2008 
Month Mean temp. (°C) Max. temp (°C) Min. temp. (°C) Precipitation (mm) 
 Beitem Kruishoutem SKW Beitem Kruishoutem SKW Beitem Kruishoutem SKW Beitem Kruishoutem SKW 
January 6.46±0.47 6.61±0.49 6.90±0.52 8.68±0.45 9.11±0.46 9.05±0.52 4.03±0.57 4.21±0.51 4.47±0.62 1.85±0.45 1.85±0.46 1.46±0.36 
February  5.26±0.56 5.48±0.58 5.45±0.62 9.29±0.57 10.36±0.61 9.90±0.61 1.66±0.65 1.50±0.62 1.41±0.77 1.30±0.57 1.07±0.40 1.16±0.36 
March 6.37±0.48 6.23±0.67 6.65±0.50 9.17±0.48 9.90±0.48 9.58±0.47 3.55±0.52 3.65±0.53 3.56±0.52 3.81±0.65 3.37±0.68 3.80±0.95 
April 8.68±0.59 9.43±0.59 9.32±0.59 13.11±0.71 14.18±0.71 13.73±0.70 4.24±0.64 4.72±0.66 4.65±0.67 1.04±0.31 1.44±0.47 1.31±0.46 
May 15.59±0.53 16.50±0.54 16.17±0.52 20.46±0.69 21.31±0.70 20.97±0.68 10.40±0.52 11.04±0.51 10.45±0.55 1.81±0.69 2.10±0.69 1.61±0.53 
June 15.25±0.35 16.20±0.44 16.29±0.49 19.47±0.55 20.63±0.64 20.72±0.73 10.79±0.35 11.89±0.38 11.93±0.48 2.14±0.83 2.33±0.78 3.16±1.14 
July 17.50±0.48 18.42±0.51 18.14±0.51 22.44±0.73 23.18±0.73 22.34±0.72 12.38±0.44 13.59±0.42 13.54±0.45 2.95±1.12 1.95±0.67 2.42±0.67 
August 16.80±0.27 17.76±0.33 17.82±0.32 21.07±0.41 22.16±0.44 22.05±0.41 12.86±0.38 13.87±0.40 13.83±0.42 3.29±0.86 3.85±1.12 1.80±0.60 
September 13.31±0.41 14.44±0.53 13.82±0.51 17.99±0.47 18.90±0.49 18.22±0.54 9.01±0.58 9.57±0.62 9.31±0.70 2.25±0.79 2.42±0.81 1.37±0.54 
October 10.16±0.58 10.63±0.61 10.37±0.61 13.74±0.66 14.66±0.68 14.36±0.69 6.69±0.64 6.63±0.65 6.48±0.67 2.13±0.72 2.69±0.80 2.37±0.72 
November 7.02±0.56 6.99±0.63 7.16±0.63 9.24±0.55 9.76±0.60 9.72±0.65 4.72±0.61 4.76±0.60 4.47±0.71 3.86±1.29 3.31±0.96 2.02±0.58 
December 2.85±0.66 - 2.83±0.70 5.04±0.64 5.66±0.63 5.12±0.61 0.80±0.68 0.44±0.68 0.37±0.72 2.17±1.01 1.80±0.62 0.90±0.33 
2008 10.45±0.29 - 10.98±0.31 14.16±0.34 15.00±0.35 14.71±0.35 6.78±0.26 7.18±0.28 7.10±0.29 874.30a 861.50a 712.80a 
a
: total precipitation 
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Annex II 
Schematic diagrams showing the experimental set-up of the monitoring fields at Kruishoutem and Sint-Katelijne-Waver for different 
monitoring years (2007 and 2008). 
2007 
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Schematic diagrams showing the experimental set-up of the monitoring fields at Beitem for different monitoring years (2007 and 2008). 
2007 
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Annex III 
Schematic diagrams showing the location of the experimental fields at the different 
study sites (Beitem, Kruishoutem and Sint-Katelijne-Waver). 
Beitem 
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Kruishoutem 
 
 
 
Annexes ____________________________________________________________________  
225 
 
Sint-Katelijne-Waver 
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Annex IV 
Table III. Blooming period (start – end) of the flowering non-crop plants in the flower strips at the three 
research locations (Beitem, Kruishoutem en SKW) for 2008 
Flower species Beitem
a 
Kruishoutem Sint-Katelijne-Waver 
Borago officinalis 08/07 - 08/07 – 24/11 04/07 – 28/10 
Centaurea cyanus 01/07 - 27/06 – 24/11 04/07 – 28/10 
Chrysanthemum segetum 15/07 - 17/07 – 24/11 22/07 – 28/10 
Coriandrum sativum 15/07 - 23/07 – 24/10 22/07 – 16/09 
Fagopyrum esculentum 17/06 - 23/06 – 18/08 10/06 – 29/08 
Foeniculum vulgare 15/07 - 30/07 – 6/10 29/07 – 28/10 
Helianthus annuus 25/07 - 29/07 – 8/10 29/07 – 16/09 
Papaver rhoeas 15/07 - 14/07 – 24/10 8/07 – 28/10 
Vicia sativa 01/07 -  27/06 – 20/11 1/07 – 29/08 
a
: data on the end of the blooming period are missing 
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